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EP 1 147 910 B1 

Description 

Field of the Invention 

EpJi^ 
Background to the invention 

cTrrtTac^ 

carnage across the pnntzone. and store the main ink supply in a stationary reservoir which is locatec | - JESSE!! 
the path of printhead travel. Typically, a flexible conduit or tubing is used to co3v7hein Z t t J*". 8 fr ° m 

noil± P h f an ° ther ' and substen « a,| y Perpendicular to the scanning direction. Thus £ . ^nqth o! Se 

o brcauseTf^ ^ nta h minantS 3dhere 10 *• ° rif ' Ce P ' ate either because of *i presence of Ton £ JE£? 
££n^r !SL? ! £ ^charges. In addition, excess dried ink can accumulate around the printhead The a~' 

Sf ^L'" °!' a T iS Pen ' life S ° al iS ° n the ortler of 40 am ~ S^ter than a conventional non off-axis svstem e a 
Mo P 2a S^nif a ? i,ab ' e " Desi 9 nJel ® 750C «*» Peters, produced by Hew.ett-Pactarc ^Compa^y of'pafo 
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Summary of the Invention 

"oai ^ ProC " S *" reby " npro,,n!l "W"* « •» '«»» « «» PlorMB, of 

SLS^.t^^^^ ""T 1 lnV * M °"- ,h " e te <"° vld " d 0 mM » 3 ° f "I""** i»»se quality on 

tho ™~w! y u manl f lly check ed. The capability of executing a process(s) or function's) based on how the status of 
Sal r refera f b,y ' ' ' nozzle in the ,aili "9 ^tus comprise a malfunctioning nozzle or an aberrant nozzle 

[0019J m this way. i.e. aptfying error hiding or servicing functions, the method is trying to control and improve the 
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in a failing status. 8 err ° r hldln9 funct, °"s are also applied to hide a nozzle still 

E r io^T 1 dePendin9 ° n *° 0f * e a»ows to 

functions. dna l ° C ° nTOI 11,6 wear of the plate by not applying 

non-required 

^S^^^Z^Z^^^ - - — - — of a nozz,e in a 
functions, so speeding up toeen3ro~sf^ 

only the ones L a* more Zy to sSS or" iZf, ?n T 9 to SWp unnecessar y and to appj 

the execution th^un^^^Ii^ * *" mOSt ° f the problems ^nerated by" 

0^^^^ ? f T ^ h ° W ^ " «» - tanging 

■52 reSoTeSfuSn^ 2 " ^ *" - — » 

algorithm enough details over mo^Tous SS^^^TT^^ * ^ to 3 P3ttem rcco 8 ni « on 

Ster^rrel^S 

comprising a printhead. having a pllraSy 5 nozzt^and S ^ program is ™" ° n an "** printing device 
functions for improving image quX S fnabSoIhe rT 9 ^ b * in9 Capat " e ° f perfonn,n fl a varie * <* 

in a memory support the status of a ^ SecLd nS^l h h the St3tUS ° f ° ne ° r more n022les ; < b ) Coring 

of said staLJ ; stored ^Z^^^^^^^ T Step: and (c) based ° n a P"™* 

improving the image quality * PP enab " n9 ** deV ' Ce to perform an appropriate function for 

Eh.c^ als ° p ™ idad - Inkjet printing device for printing 
to said plurality of nozzles deSn^ans^ 
meansandapluralityoftonctfonse^ 
to said detem^mlns chains da C ^ 

comprises means to select and execute z £Z££Sl 3 < < 8ry ' n9 ° Ver * me and said device *»*« 

memory means. ^ v a8, - OTO ° f S3 ' d Unctions, responsive to the data stored in said 

Brief Description of the Drawfngs 

invention w*h refare^tot S^iSCSSSr ^ "* 3CCOrdin9 to ^ ^ 

^f arT^ meCh8 r ' ta " a " "*« Pri ^ «"**■ one 

« Inkjet printheads; SyStem ° f the present shown here to service a set of 

S U ^ n enlar 9 ed Perspective view of the service station system of Figure 1 - 

o?toe:^rv:s bra,,yaprinterhead ^ 

?e*^ 

XS^n^^ - ° UtPUt Si9 " al - - d - d — -cording to the 

2£ESX^ZZX Si9na ' ° f ^ drop d — in the case where 

R 9 . 8 .Uustrates graphically, by way of example, a comparison between an output signal of toe drop detection 
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ZTs misSg^eT 99 ^ deteminedfroma P luralit y of ^V«-9no-'- and an output signa, 
TJ^T*** 9raph I iCa "^ by wav of exam P |e - ^ error signal derived for an anomalous nozzle compared to a 
SSSSZnT ° n9,nat,n9 COfreCOy fUnCti ° nin9 n022,eS aCCOrdin - 9 to a fifSt speciflc metEodlfTha 

S^emt^ 

lio^ 

,0 ?*l 2 n !IS teS 9 T h T "* by WaV ° f eXample ' 3 pl0t ° f eTOrs ^'culated according to the first specific method 

of the present invention for a printer head comprising 524 nozzles- 

S^invenS 168 SChematiCa " y St6pS inV °' Ved *" printhead fu » servici "9 re «>very process according to the 
» meZ of^e P S V^Z^ *«" ^ " ^ acCordi " 9 to a *-* 

e F SZnL 7 l a o n ? ^ZSLTom °' ^ ^ — "» ^ « 9 to ^ 

mZ^ 

■ Rnnr! S ^ 0f dr ° P detections used l ° identify a trajectory of failing nozzle(s) over time. 
Figure 25 illustrates schematically steps involved in nozzles error hiding* 

Detailed Description of the Best Mode for Carrying Out the Invention 

J0029] There will now be described by way of example the best mode contemplated bythe inventors for carrvina out 

InZ^^ ^ f ° 0Wi " 9 d6SCfiPti0n nUmer ° US Specific deteils are set *»« ' ■" o^r to proS rtho^gTunder 
standing of the present invention. It will be apparent however, to one skilled in the art, that me present Sembn mav 

for S^«T°? V 00 * ,h6Se SPeCifi ° d6tailS ' inC,Udin9 the fact that «"» Program^Scan be u5.S 
for carrymg out part or ent.re methods, algorithms, processes, functions, procedures, as described in the presen an 

S*o^ 

[0030] Specific methods according to the present invention described herein are aimed at printer devices havino a 

^S^lSV r * ° f n02Z ' eS> 6aCh nQZZte ° f the Plura,i * ° f " 02 * es bei^coXrS to e " i 
IT 9 8 Print mediUm 15 Perf0rmed by movi " 9 P"' nthead into mutual^ orihogonaidLSs 
oenl^C TT™, aS described herei " befor *- H^ver, it will be understood by those JSSSSSSZ 

ES ^STJR!^^ herein - are not ,imited to printer — — a ~ 

Sn 3 JLw 1 i "^ StrateS 8 f,fSt embodiment ° f an 'nkjet printing mechanism, here shown as an Inkjet printer 20 
^ EE ,h aCCOrdance with the P""** inv ention. which may be used for printing conventional SeerhTand 

environment. A vanety of Inkjet pnnting mechanisms are commercially available. For instance some of the orintino 

sra^ pre r inv r on inciude desk p °™° p*5 x ssns 

printers, all-in-one devices, and facsimile machines, to name a few. For convenience the concent* nf the n™==r,. 
invention are illustrated in the environment of an inkjet printer 20 «™enience the concepts of the present 

«Ses a^ssis^Tunl'd EXT- ™y ^ *™ ™ da « *° the typical inkjet printer 20 

memoes a cnassis 22 surrounded by a housing or casing enclosure 24. typically of a DlasSc material tnnethor for™;™ 

■ 9 ™ ° ta J>'etop, it is preferred to support the print assembly portion 26 with a pair of lea assemblies ?a tZ 
aOde^^ 

anostdev.ee, typically a computer, such asa persona, computer or a computer aided drafting (CAD) computer system 
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r ro " er 30 may a,S ° ° perate in response to user inpute P ravi ^d through a key pad and 

STSLSSLST^ 1 ' ■ * ° 0 " eXteri ° r ° f the CaSi " 9 24 " A monitor ^"P^ t0 * e computer host may also 
be used to display visual informabon to an operator, such as the printer status or a particular program being run Ton Ohe 

SSSTL^T 1 d ^ n9 COmplJtefS ' th6ir inPUt deviCeS ' SUCh aS 3 ke ' boara and '° a recuse devi^d 
monitors are all well known to those skilled in the art 

Sad^Tr^ 8 ' media hand ' ing SyStem (n0t Sh0Wn) may be USGd to advance a continuous sheet of print 
poster board, fabric. transparenc.es. mylar, and the like, but for convenience, the illustrated embodiment is described 
using paper as the print medium. A carriage guide rod 36 is mounted to the chassis 22 to define a sTnnfng iis 38 
with the guide rod 36 slideably supporting an Inkjet carriage 40 for travel back and forth, rociprocaSyTcross thTiint' 
zone 35. A conventional carriage drive motor (not shown) may be used to propel the carn P ag 3 in^ponL to a 
control s,gnal receded from the controller 30. To provide carriage positional feedback information to controTeTs? a 
convenbona. metelhc encoder strip (not shown) may be extended along the length of the prince 35 and o^er the 
serving , region 42. A conventional optical encoder reader may be mounted on the back surface of printhead camaoe 
40 to read positional information provided by the encoder smp, forexample, as described in U.S P^ 
also assigned to Hewlett-Packard Company, the assignee of the present invention. The manner of providino positionai 
feedback information via theencoder strip reader, may also be accomplished in a variety of ways ^^^^^2 

MlSL^TlT" °H Pr ? tin9 ^ image ' the CBrria9e 40 may be Used to dra ° a cutti "9 mechanSm a ross Se 
final trailing portion of the media to sever the image from the remainder of the roll 34. Suitable cutter mechanisms are 

SOSES'! T DeSi9nj6t ® 650C and 750C «** ^ course, sheet severing may be 

be S2 TalZl to T: ki,led in the art - Moreover ' *■ i,,ustrated inkjet printin 9 m - hanis - 25-2 

be used for pnnting images on pre-cut sheets, rather than on media supplied in a roll 34 

[0034] In the printzone 35, the media sheet receives ink from an Inkjet cartridge, such as a black ink cartridoe 50 
and three monochrome color ink cartridges 52, 54 and 56, shown in greater detaH in FIG 2 The cartridoeTsS i 
also often caJled "pens" by those in the art The black ink pen 50 is Ltrated herein as c»nWnin g ?p? g me^bLed 
ink. For the purposes of illustration, color pens 52, 54 and 56 are described as each containing dye ^ba Jed ink^Mne 

ororntta 0 ^ 96 "' 3 and ^ r8SpeCtivel * » - H*™* that the color pens U^JSS^SZ 

pigment-based inks in some .mplementations. It is apparent that other types of inks may also be used in tte pens 
2 n "Sif Paraffin - based inks - as we » hy°"d or composite inks having both dye and pigment charocterisS 
Sfr ated pr,nter 20 uses a " "<> ff -^-" »* de.ivery system, having main stationary reserved (rTJhSSS 
2£5£^ r a96nta ' ^ toCated in 30 "* SUpp,y re9ion 58 " ln off-axis system, the pens 50 S may be 
IrS J? V ' C °Tf d thrOU9h 3 ""^o^ flexibla tubing system (not shown) from the stationary mZ reJ 
Z ^ J ■ f T y fe PfOPelled by Carria9e 40 acroSS > he P rintz °ne 3 5 which is located "oS" from 

rail! h L US9d herein ' the term " pen " or " cartrid 9 e " ™V also r ^ to replaceable printhead 
%SZ. 8 reS8rVOir that CarrieS tHe entif f !" k s ^PP'y as the printhead rodprocates over'he 

Sonl^n im^! ted T T'f' 56 ^ P*"* 88 * 8 ^.W. 64 arid ti, respectively/which selectively eject 

nk to from an image on a sheet of media 34 in the printzone 35. These Inkjet printheads 60-66 have a large print IS 

^SS^Z^ T^T, T* * the pri " thead --"ten 'nee concept 

nri^. fin fifi y i ,? aPP l ed l ° Sma " er inkj6t P rintheads - The concepts disclosed herein for cleaning the 
pnntheads 60-66 apply equally to the totally replaceable Inkjet cartridges, as well as to the illustrated off-axS sernt 
P TZl 0r permanant P dnlheads ' a *n°ugh the greatest benefits of the illustrated system may be reafeeZan off- 
axis system where extended printhead life is particularly desirable «»«Dinanon 

fnfmlnnl h rl P Ji i ,? eadS t 6 ^ 62 ' 84 ^ 66 "* hBVe a " ° rif,Ce p,ate with a P' 0 ^* of formed therothrough 

in a manner we I known to those skilled in the art. The nozzles of each printhead 60-66 are typically formed 3 
one but typically two .inear arrays along the orifice plate. Thus, the term "linear" as used tSS^SZ interned 
eLrnn? ^ SUbStantial,y ,inear - and «™V include nozzle amangements slightly offset from one anS^for 

D ^Si« 1 *h 9239 arrangeme " t Each ,inear array is tyP^ally aligned in a longitudinal direction substanSy pe° 
n 6 « ^ 1 SC !T 9 -„ aX,S 38 ' ^ thS len9th ° f each a,Ta y da termining the maximum image swath for a single 

^v Ml h" K ad - ^ " ,UStrated PrintheadS 6 °^ 6 3re thenT,al ink j at P rintheads - alth ^9h °th or types fp Z 
may be used, such as piezoelectric printheads. The thermal printheads 60-66 typically include a plurality of resistors 

5^ SSE?? ? "T 1 ?- UP °" energiZin9 8 Se,6Cted ^ 3 bubble rf 9 as is formed which eSS a 
droplet of .nk from the nozzle and onto a sheet of paper in the printzone 35 under the nozzle. The printhead resistors 

c^geT'^ 

JESJL Fi9Ur6 i * e ° arTiage 40 P° sitioned «•* •*» P ens 50 - 5R ready to be serviced by a replaceable printhead 
a translationally moveable pallet 72, which is selectivety driven by motor 74 through a rack and pinion gear assembly 
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15 



20 



2. '^nS^ * * 3 ig „ al receive, from the confer 

accordance with the present invention foTZSS P™»»ad de aner units 80, 82. 84 and 86, constructed in 

units 80-86 include an inspiration and SSffiS t »^J£T+ B °' ^ 54 and ^ EaCh ° f <he c,aaner 
5 cieaner units 6M6 in their respective S^Xft?? SXJ "5"* an ° perator whe " '"steHing the 
72. Following removal, the cleaning units 80-8 Tare SS^tol 2!^ ? T* by ^ S6rViCe Station pa,,et 
80-86 may also be referred to as "disposable rtSJK-llKS.? k P ^ * ^ Unit ' so the units 
to a recycling centre for refurbishing To aid an SSor X j£ * b<3 Preferab,e to return s P ent "nits 

stall 90-96. the pallet 72 may include ^^S^i^JK 5 ^ °' eaner 8M6 0,6 associa,9d 
*« black printhead cleaner unit 80 including WtndTcia such a Tf"R» 9 97 1 ?°™ B P ondin 8 *> «* ««* pen 50, with the 
97 by an operator to assure proper insteSon mark ' n9 ^ M mav be matehed with marking 

Tis^^ 

may also be used. The absorber 124 receives ink soft Tr^fTX ' ^ 3 Va " ety ° f ° ther abs °™"9 materials 
volati.es or liquid components evaporeT ^ ^ the h ° W this ink -* tha 

foam material. The spittoon 108 of the black cleaner J^^ETE? tr3Pped Within *» <*>ambeiB of the 

tar-like black ink residue over the maSSH^HS " ^ Ch3mber ' **** then fil,s wtth * e 

r P ^ytT= 

the Hewlett-Packard Company's U.S. Patent No 5 eS 9^ pSe'w!" 9 Ute / '"^ Wipi " 9 ed 9 a . as described in 
structed of a flexible, resilient, non-abrasive, etestomeric nSeriJ StTw S W b ' 3d8S 126 ' 128 is con " 
polypropylene diene monomer (EPDM) or other comnarabi?mS' „ ° r m0re P refera °"y. ethylene 

eter. that is, the relative hardness oHhe e.a!tome?Zv^T^ T ^ WiperS 3 SUitab,e du ™- 
more preferably within the range of 6d-80 o^n^re VSZL T h * ra " 9e ° f ^ ° n the Shore A 8Cate - " 
*5 manufacturing tolerance. 6 preferablv at a durometer of 70 +/- 5. which is a standard 

sTalkTo,^^ 

or block installed within the £22ZE2££ ^ 3 POreuB S °' Vent ressrvoir b ° d 

an open-cel, thermoset plastic such as ^ureSe foam TSSSSiT ° f ' T materia '' for instance - 

30 terials known to those skilled in the art. The inkTei t ink soSIa ^ ° f ° ther functi ° na 'ly s-'^ilar ma- 

out of the air. because water is a good solvent for Te mus^dS ^ I fT* ^ material that abs °** "ater 
polyethylene glycol ("PEG"), lipponic^thylene MrtSFlSZ, ? W SC ° piC SO,vent materials in <^e 
known to those skilled in the art as EK^mt?2£f?i 1£?*T 9 * 1 DEG " ) ' 9 ' yCerin 0r other materia| s 
compounds that will not readily dr^ S^23^ 0 ^,' n T W m3teria ' S 3re " qUid or 9 elatinous 

35 pressure. For the purposes of iLsfraflon ftXSSJS * ? ^ b6CaUSe *"* have an a,most »™ vapor 
. [0041] To deliver the S S™^'^ ' S SOaked witn the P referred "* solvent. PEG. 
;. 135. which underlies the rese^.V block "* ^ ^ 80 inc,udes * applicator or member 

an upper surface which may dele ^series^fThanne fn t L" 9 ? 6 ^ ^ retainer 175a,so ha * 

pnntheads 60^66 upon seaiing. fj, ^^mJ^^tSSS^ Z£? *° 

f C oo^ tly TK SSi9ned f ° *" PreSent asS *™' tha H^aSrd Smpa^' N °- 08/566 ' 221 

a base portion which is received withS I ^ snout wS P °1 ° f pen " ^ The snout wi P er 1 90 Includes 

wiper 190 may have om^^^^^^^^^ d K efi " ed b v cover. While the snout 

blunt rectangular wiping edges are prefe^o SSSTnES^f .T^ ab ° V6 f ° f Wiper blades 126 a " d 128. 
The unit cover also includes a ^SSS^mS^IS Z m* t0 QXiTaCt mk fr0m * e noz2le «- 

50 r 1 0 3 i nd r f a portion of ^ ^2^Sl^S£,* ,,h,> 6 extreme end of the so,vent app,icator 

and in a direction transverse to a« K^^SS"!"?' ^ C ° mPriSeS Sheets " 

55 substantially parallel rows of printeT noSles 310 P ? ^' Preferab,v tha P ri " ta ^ "aad 300 comprises two 
mathodofthe present invemi ^ZS^SS^IT? 2 ?H P h rinte l n0ZZ ' eS - ACCOfdin9 to a spec ^ 
in a second row are designated by even nunTere Pre^lZf h-2T ? ° dd numbereand «" a printernozzles 

-.andsecondrewsisoftheorde^Lr^^^^ 
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T! !=^ 60 ° in ° heS (0 085 mi,,irTleters >- Corresponding nozzles between first and second rows are off set by a distance 
of /600 inches (0.042 millimeters) thereby yielding a printed resolution of 600 dots per inch (approx. 2.36 dots per 
cm) on the pnnted page. H 

[ ?° 4 ^L T h8 PrintSr head 300 iS """D"™* t0 ^ eject a single droplet of ink 380 from a single nozzle of the 
plurality of nozzles upon receiving a single drop release instruction signal. 

[0046] When installed in a mass produced operational printer device, the printer head undergoes a test routine for 

Z thS . rinter d8ViCe iS firSt switched on - on Gver V «"» ^ printer device is switched on, in order to check 
whether the printer head is operating correctly, and to check individual nozzles to see if any nozzles are malfunctioning 
or are anomalous. Malfunctioning nozzles may include nozzles which do not eject ink temporarily or permanently 
Anomalous or aberrant nozzles may include nozzles which eject ink drops of a lower than average volume, nozzles 
which eject ink drops of a larger than average volume, nozzles which misfire, nozzles which malfunction by operating 
only intermittently, and nozzles which are misdirected. In the present application the term failing nozzles may comprise 
anomalous and/or malfunctioning nozzles. " 
[0047] Each nozzle 310 of the plurality of nozzles comprising printer head 300 are. according to the best mode 
presented herein, configurable to release a sequence of ink droplets in response to an instruction from the printer 
device. In addition to the printer head 300, there is also included an ink droplet detection means comprising a housing 
360 containing an high intensity infra-red light emitting diode; a detector housing 350 containing a photo diode detector 
and an elongate, substantially rigid member 370. The emitter housing 360, rigid member 370 and detector housinq 
350 comprise ngid locating means configured to actively locate the high intensity infra-red light emitting diode with 
respect to the photo diode detector. 

[0048] The printer head 300 and the rigid locating means 360. 370 and 350 are orientated with respect to each other 
such that a path traced by an ink droplet 380 ejected from a nozzle of the plurality of nozzles comprising the printer 
head 300 passes between emitter housing 360 and detector housing 350. 

[0049] The high intensity infra-red light emitting diode contained within emitter housing 360 is encapsulated within 
s transparent plastics material casing. The transparent plastics material casing is configured so as to collimate the 
ight emitted by the light emitting diode into a light beam, According to the best mode described herein, the collimated 
light beam emitted by the high intensity infrared LED contained within emitter housing 360 exits the emitter housing 
via a first aperture 361. The collimated light beam from emitter housing 360 is admitted into detector housing 350 by 
way of second aperture 351. The light beam admitted into detector housing 350 illuminates the photo diode detector 
-contained within detector housing 350. An ink droplet 380 ejected from a nozzle 310 on entering the collimated light 
beam extending between apertures 361 and 351 temporarily obstructs the infra-red light beam and causes a decrease 
in the amount of light entering aperture 351 and hence illuminating the photo diode contained within detector housing 
350. Ink droplets are only detected if they pass through an effective detection zone in the collimated light beam which 
has a narrower width than a width of the collimated light beam. Preferably, the width of the effective detection zone 
362 is approximately 2 millimeters. A width 363 of the emitter housing aperture 361 is preferably of the order 1 7 
millimeters and.similarly a width of the detector housing aperture 351 is preferably of the order 1.7 millimeters Pref- 
erably, a distance from center of the effective detection zone and the rows of nozzles is of the order 3 65 millimeters 
Preferably, a main length of the coliimated light beam lies transverse to and substantially perpendicular to the firino 
direction of the nozzles of the printer head. 

[0050] Preferably, ink droplets are injected from the nozzles with an initial speed in the range of 10 to 16 meters per 
second. Due to effects of air resistance the initial speed of the ink droplets leaving the nozzles is progressively reduced 
the further each ink droplet travels from the printer head. A sequence of four ink droplets fired from a nozzle with the 
droplets having an initial speed of 16 meters per second and with a delay between the firing of each droplet of 83 us 
as descnbed herein before, would occupy a total distance from the first ink droplet to the fourth ink droplet of approx- 
imately 4mm. immediately after the fourth droplet is ejected from the nozzle. However, if the distance between the first 
ink droplet and the fourth ink droplet of a sequence of ink droplets fired from a nozzle is greater than the width of the 
effective detection zone in the collimated light beam then some droplets may remain undetected. A consequence of 
the progressive slowing, due to air resistance, of a sequence of ink droplets fired from a nozzle is that the distance 
between each droplet of the sequence of droplets decreases. 

[0051] In order to maximise the probability of detecting each droplet comprising the sequence of droplets fired from 
a nozzle it is important that the width of the effective detection zone is greater than the corresponding distance between 
the first and last droplets as the droplets pass through the effective detection zone. The distance between the first and 
last droplets of the sequence of droplets in the effective detection zone is determined by parameters including the 
following: ' 3 

• the initial ejection speed of ink droplets from a nozzle in the printer head; and 

• the distance from a nozzle output of a printer head and the effective detection zone. 
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l ° 05Z l » 8 inrtia ' ejeCti ° n Speed of drop)ets leavi "9 n02 z'es °' the printer head the closer the printer head is 

So the e^ V6 ri IT" 2 ° ne W ' der ,h9 eff6CtiVe deteCli0n ZOne ™ sl be - Ho-vS 

width of the effective detection zone necessitates a proportional increase in the time between firing ink droplet from 

• SSLJEE T eby Tr? 9 the total time required t0 perform drop detection i^STS 

5 presented herein Conversely, if the distance between the printer head and the effective detection zone is tooTarae 

of ink droplets may be significantly smaller than this given width and hence there is a po^W% ft JTe drJSSS 
from an adjacent nozzle might mistakenly be detected concurrently with the sequence of ink droplets ejected fion me 
nozzle currently being tested. Additionally, increasing the distance between the printer head and >te VEZ dStK 
10 zone again increases of time duration between sequences of ink droplets from adjacent nozzles of the printer h Jad 
thereby .ncreas.ng the total time required before drop detection. Hence it is necessary to optimize £. m£K paraS 
fr^lTJ^ B ' !k eCSV l detectlon zone width - and dista "ce from the printer head to the effective detection zone 
1° m, ™ m,ze . the P robab » i «y ^simultaneously detecting droplets ejected from neighboring nozzles of the punter 

«• USSSST m ™ 9 total time required t0 perform drop detection - The optimization may be perf °™ d 

[0053] The volume of ink fired by a nozzle is selected such that either a single ink droplet of at least a predetermined 
*nLZT°^T 3 deteC f Si9na ' haVin9 SUffiCient Si9na * to noise ratio t0 re,iabl * ^'ne detection of1r d rop 

2a eLLiv ri!tZ * f ^ 9nal PU ' SeS "•** Whe " a " alyzed t09ether ' have a si 9 nal 40 ' a «° sufficient to 
z» reliably detennine satisfactory operation of the nozzle. 

5H25 ? f8rrin9 J°K Fi9 ; 4 herei " th6re iS illustrated schematically functional blocks comprising an improved drop 
SSS^fy Tf* infra " red LE ° 440 emitS 3 C0 " imated " 9ht bSam " 9ht 400 2 date ^d by photo 

o, ^nt °rt 9 6 . J . ?! 3 dnVer CUrrent '° hi9h intenSity infra - red LED 440 in res P°" se to a d ^rease in an output 
current of the photo d,odedetector460 and todecreasean input current into high intensity infra-md LED 440 in response 
to an .ncrease in the output current of photo diode detector 460 via signal path 415 thereby regulating the intensity of 
the light beam 400 with the object of achieving a substantially constant intensity beam. An amplified outpui curreS o 
amplifier 410 is input into an analogue to digital (A/D) converter 420. The A/D converter 420 samples the amplified 
output current signal of the photo diode. Preferably, the A/D converter 420 samples the amplified output current with 
a sampling frequency of 40 kilohertz. When a drop or series of drops, which in the best mode comprise either 2 or 4 
^^Ttt \V?* rOUtine ' traverses the »9 ht 400, a perturbation pulse is caused in the output signal of 
detector 410. The A/D converted pulse is sampled by drop detection unit 430. Drop detection unit 430 processes a 
sampled output current of the photo diode detector 460 to determine whether or not an ink droplet has crossed the 
collimated light beam between the high intensity infra-red LED 440 and the photo diode detector 460. Additionally 
analysis of the output current of the photo diode detector 460 enables operating characteristics of the printer nozzles 
to be determined. The time period between samples is, preferably in the order 25 jos hence yielding a total sampling 
time of 1.6 milliseconds. The 64 samples of the output of the photo diode 460 are stored within a memory device which 
may be a random access memory device in drop detection unit 430. Drop detection unit 430 may also be configured 
„ to * tore ,n a mernoi y device an indication of whether or not a nozzle of the plurality of nozzles comprising printer head 
« 300 is functioning correctly or not 

E 00 !, S l^ efe^ab,y, before printin9 a pa9e on me print mediurn the P rintar device ch ecks the nozzles comprising printer 
.head 300 by performing a sequence of test operations for the purpose of determining the operating performance of 
each nozzle and the print head as a whole, which are known hereinafter as drop detection. Each nozzle within a row 
of nozzles in turn sprays a predetermined sequence of ink droplets such that only one nozzle is spraying ink droplets 
at any time. Each nozzle within the plurality of nozzles comprising the printer head are uniquely identified by a corre- 
spond^ respective number. Preferably, a first row of nozzles are identified by a contiguous series of odd numbers 
between 1 and 523 and a second row of nozzles are identified by a contiguous series of even numbers between 2 and 
524 Dunng drop detection each odd numbered nozzle within a row is operated to spray a predetermined sequence 
of ink droplets. Then printer head 400 is moved to bring the second row of nozzles into line with the center of the light 
beam, and each nozzle of the second row ejects a predetermined sequence of ink droplets. For each predetermined 
sequence of ink droplets ejected from each nozzle, a corresponding respective perturbation signal is produced in the 
detector output signal, as the predetermined sequence of droplets travels through the light beam. In the best mode 
herein, the width of the light beam, the distance between the center of the light beam and the rows of nozzles are 
arranged such that the sequence of droplets which are ejected from the printer nozzle, typically at a velocity in the 
order of 16 meters persecond, are slowed down by air-resistance, such that when the first ink droplet of a predetermined 
sequence reaches a far side from the nozzle of the light beam, the subsequently ejected ink droplets of the predeter- 
mined sequence following the first droplet of the sequence have also traveled to be within the cross-section of the light 
beam, such that transiently, all ink droplets of the predetermined sequence ejected from a nozzle are within the cross- 
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section of the light beam at a same time, and result in a single perturbation pulse pereach determined ejected sequence 
The distances between the center of the light beam and the nozzles and the velocity of ejection of the ink droplets from 

l t n h^LT IT 9 *? SU ! h ! h3t therS iS ' bunching up ' ° f ,he ink drop,ets s P atial, y- due to air resistance, such that 
o ^ Stil fh ,h ^ 4 ! rei " approximate| y 3 - 65 """meters) from the nozzles, corresponding with the center 
of the light beam, the ink droplets are transiently all within the light beam at the same time 

I0 k°! 6 1 ^ e l errin 9 to R 9 ure 5 herein - there ^ illustrated graphically, by way of example, a sampled output siqnal of 
Photod.odedetector460i.l^^ 

ejected from a s.ngle nozzle 310 and entering the collimated light beam emitted by high intensity infrared LED 440 
On a vertical axis of F.gure 5, there is represented a quantisation of the current amplitude of the output signal from 
« ™' M ™™V°? d s to ^ intensity of infra-red light failing cn the detector. On the horizontal axis of Figure 

1 1„T ah„^ «n eftDm ^ a , rbitraflly S6tZera time ' priorto a P erturt *tion P"'se signal in the detector output 
curont At initial t,me 510, corresponding to a time when the light beam is unobstructed by passing ink droplets the 

S!S£^T S ' 9 1 re 3t 3 Ste8dy St3te Va ' Ue> WWch is ^'"^Jneci at a substantially constant level by virtue of 
the feedback mechanism operated by amplifier 410 which regulates the detector output signal, by increasing or de- 

bZ^n I* T ""h ? ?1 LED ^ 8 P redatemlined sa «^< a of ink droplets passes through the^t beam 

J£Z fTn nn % a "l det !f f> ^ ' ntenSity ° f " 9ht fa " in9 ° n the detector is reduced temporarily until a minimum 
intensity (,n Figure 5 in the order of 30 quantisation units) is reached at a time 520. In response to a decrease in the 
output current of the photodiode detector 460, due to a detected sequence of ink droplets traversing the taht beam 

t^c^^ . nV h t r h CUrre ?l t0 T hi9h int6nSity infrared LE ° 440 SUppNed b * amplifier 410 increa ^ the intensity of 
the collimated light beam thereby increasing the output current of photodiode detector 460. At third time 530 approx- 
imately 0.15 m.lHseconds after the minimum intensity point at same time 520. the output signal of the amplifier 410 
vHTat tir^T™ H. 1 " * e , examp,e of Fj 9 ure 5 ' is approximately 60-70% greater than the steady state current 
Tn^w JT It ? Srad ' ent ° f S,9nal reSp ° nSe between second time 520 at minimum output current signal value 
ZOZlt T at . maximum . p 0Ut P"t current value can be varied by design of the feedback characteristics of the 
feedback loop comprising ampl.fier 410. emitter 440 and detector 460. The response time (the difference between 
second bme 520 and third time 530) th.gradient of rise on the current output after minimum Intensity, and osSo" 

and d JST" ,T ^ f ° Urth t!me 540 a * WhiGh 3 SeCOnd peak response ara all capable of variaKn 

b^hos^skSedTSeart *** reSp0nSe characteristics of the feedback loop as will be understood 

[0057] A number of ink droplets within the predetermined sequence of ink droplets is configured such that a total 
1 simultaneously occulting the collimated light beam emitted by high intensity infrared LED 440 lies sub- 
Smi LTn Tnn 1 " 100 P icolitres - and m ™ Preferably within a range of 30-100 picolitres. A total ink duplet 

volume of 30-100 p.cohtres provides a sufficient disturoance of the light input into photodiode detector 460 to ensure 

8 m SlT ' H reSP ,° nSe t0 Pr6SenCe of a P radeta rmined sequence of ink droplets, having a substantially larger 
amplitude than a typical noise amplitude introduced by, for example, amplifier 41 0 

[0058] Referring to Figure 6 herein, there is illustrated graphically, by way of example, an output signal 600 of A/D 

converter 420in a case where an instruction to eject a predetermined sequence of ink droplets from a nozzle 310 has 

been sent to the printer head 300 but no ink droplets have entered the collimated light beam emitted by LED 440 A 

nf°S C m 7i b l prevented from e J ecen 9 ^oplets if, for example, the nozzle is clogged with an accumulation 

fml d f T ^ P8r The reSP ° nSe ° f R9Ure 6 iS for 3 ***** malfunctioning nozzle. The quantized 
amplitude of amplifier 410 fluctuates by around 10-15% of its value. M 

[0059] Further details of the implementation of a drop detection unit of the above type for identifying malfunctioning 
nozzles are descnbed in the European Patent Application no. 99 102646.9. filed in the name of Hewlett-Packard Com- 
He^eT.pSL^T^y UClX deteCti0n devi ° e is available in Desi 9 n Jet 1000 and 1050 printers, produced by 

SSfU £? !° f 'l Ure 7 herei "' tHere iS illustrated graphically, by way of example, a plurality of sampled outputs 

2i££22S?w ^ ? Pr ° dUCed in reSP ° nSe 10 8 P ' Urality of oonwSU * flnn 9 n0Z2,es 3 same row of a 
P ""Y ^ 39 ° k Tba ' ndmd " al data seeming the passage of ink droplets through the collimated light beam for each 
nozzle afforded by the high frequency (40 kilo hertz) sampling of the photodiode detector 460 output current reveals 
that in some mstances the output signal generated by a predetermined sequence of ink droplets fired from a particular 
nozzle drffers signrficantly from the signals produced by ink droplets fired from adjacent nozzles in a same row of the 
pnnter head 300. Output signal 710 is an example of a significantly different output signal. Nozzles which produce 
correspond.ng sampled output signals which differ significantly from the output signals of adjacent nozzles are termed 
herein as anomalous or aberrant nozzles. Detection of the presence or absence of ink droplets being ejected from a 
!™ ^ » 8 de * arm,ned b V subtracting a minimum output signal from a maximum output signal of each signal re- 
sponse resulting from each predetermined sequence of ink droplets to obtain a corresponding respective peak-to-peak 
signal. However, referring to Figure 7 it can be seen that an anomalous nozzle may escape detection on the basis of 
a simple peak-to-peak calculation. Hence, it is one aspect of the present invention to use the improved knowledge 
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concerning ink droplets crossing the collimated light beam emitted by the high intensity infra-red LED 440 to identify 
incorrectly fonction.ng nozzles (which are also known herein as anomalous nozzles) which may escape detection using 
previous prior art drop detection techniques. ™ B 
[0061] Referring to Figure 8 herein, there is illustrated graphically, by way of example, a preferred method by which 
an anomalous nozzle is detected. An output signal 710 corresponding to a nozzle which is to be tested is compared 
to an average output signal 810 calculated by averaging a plurality of corresponding signal responses from a plurality 
of nozzles substantially adjacent to and in a same row as the nozzle to be tested. A total error signal is generated by 
combining an amplitude difference value 820 between corresponding samples of the average output signal 810 and 
an output signal 710 corresponding to the nozzle to be tested. any 
[0062] Referring to Figure 9 herein, there is illustrated graphically, a comparison of differences between correspond- 
ing samples of a plurality of correctly functioning nozzles 920 in relation to an average response and an anomalous 
nozzle 910 in re at.on to an average response. The vertical axis in Figure 9 corresponds to a difference between the 
quantized sampled amplitude of output current response from detector 410 for a single anomalous nozzle, and an 
average of the quantized output signal responsive from detector 410 for each of a plurality of nozzles, 810 in Figure 
8. Curve 910 in Figure 9 represents a difference in signal response for a signal produced by a single nozzle, relative 
to an average signal determined from the plurality of other nozzles. Comparison of the total error for an anomalous 
nozzle compared with the corresponding total errors of correctly functioning nozzles enables, according to the best 
node presented herein, anomalous nozzles to be readily detected. 

[0063] Referring to Figure 1 0 herein, there is illustrated schematically, steps involved in detecting anomalous nozzles 
according to the best mode presented herein. The steps in Figure 1 0 are repeated for each of the nozzles in the print 
head. In step 1010, an instruction is sent to the printer head 300 to eject a predetermined sequence of droplets of ink 
Preferably, each nozzle forming a first row of the printer head fires the predetermined sequence of droplets such that 

6 " ! JeCtin9 dr ° Plete at any monient lf> in res P° nse to *e instruction in step 1010, ink droplets are 
ejected from a nozzle then as the ink droplets enter the collimated light beam emitted by high intensity infrared LED 
T . «Tl ^ mpUt ,nt ° the P hotodiode det ector 460 decreases as the light beam is occulted by the ink droplets 
n step 1030 after a time delay of 0.2 milliseconds from the time at which the instruction was sent in step 1010 the 
time delay also being known herein as "fly time", the A/D converter 420 commences sampling the amplified output 
signal of photodiode detector 460 amplified by amplifieMIO. Preferably the A/D converter 420 samples the amplified 
output signal of the photodiode detector at a rate of 40 kilohertz. Preferably, the A/D converter samples the output 
signal, which may be an output voltage signal or an output current signal, the total of 64 times. Each sample represents 
the amplitude of the output signal as an 8 bit binary number. The number representing an amplitude of the output signal 
is also known herein as drop detect (DD) counts. The 64 8-bit samples of the amplitude of the output signal of photodiode 
detector 460 and amplifier 410 corresponding to a predetermined sequence of ink droplets fired from one nozzle are 
f m f m ° r y location of a memory device. The memory device may be a random access memory (RAM) device 
[TO64] in step 1040. a microprocessor having random access memory and read only memory (ROM) applies an 
algontnm to compare the sampled output signal resulting from ink droplets ejected from a selected nozzle with corre- 
sponding sampled output signals resulting from ink droplets ejected from adjacent nozzles of the printer head The 
a gorithm denves a total error signal for each nozzle for comparison with a total error signal determined from each 
other nozzle of the plurality of nozzles comprising the printer head in order to determine operating characteristics of 
each nozzle and thereby identify anomalous nozzles. 

[0065] Referring to Figure 11 herein, there is illustrated schematically an algorithm used to calculate the total error 
signal according to a preferred embodiment of the present invention. Each nozzle of the plurality of nozzles is tested 
by comparison with an average drop detect output signal 81 0. The average output signal 81 0 is calculated by averaging 

% °"5!f !!. 9nalS °! 3 P ' Urality ° f the nOZZ ' es in a same row as th e nozzle to be tested and which lie substantially 
adjacent to the nozzle to be tested. Preferably, the average output signal curve is calculated by averaging correspondinq 
respective samples stored in a memory device of the drop detection output signals generated by a 20 nearest nozzles 
located on either side of a nozzle being tested and in a same row as the nozzle being tested. By way of example 
considering the case where a nozzle number 50 is currently being tested then an average drop detection output signal 
of amplifier 410 is calculated by averaging a plurality of output signals generated by ink droplets ejected from all even 
numbered nozzles having identifying numbers between 10 and 48 and between 52 and 90 

[0066] In the case where a nozzle to be tested lies less than 20 nozzles away from either end of the row of nozzles 
in the pnnter head then the selection of nozzles used to calculate an average drop detection output signal is as follows: 

• The total number of nozzles used to calculate the average signal remains constant. If, for example, the current 
nozzle being tested has a nozzle number 10 then the average signal is calculated using the corresponding output 
signals relating to nozzles 2, 4, 6, 8 and 12, 14 78,80. 

[0067] Preferably, according to the best mode presented herein, the average output signal is a median value of the 
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corresponding output signals of the nozzles adjacent to the nozzle being tested. The median is chosen in order to 
m,n-mize the effects of the outputs of other anomaious nozzles on the calculated values of the average output^gnS 

selectee i^SSSl* V""??™ "'"^ ° f Se ' eCted corresponding to the 

selected nozzles as follows. For each signal response of the plurality of signal responses, a first sample is taken after 
a firs time per,od from a start time of the sample. A median is taken of the plurality of digi ized amplitude^ o>5 otVhe 
plurality of sampled signals, at the first time period after the initial start time of the sampling period Tte resutt is a 
smgle va.ue representing a median value of all the plurality of signals, at the first sample interval a2S3 at he 

SZS? T * m6dian ValUS ° f a " di9ifeed qUanti2ed amp,itude values of a » « Plurality of"L 12 
as the bas,s for he median curve is taken to provide a single median value at the second sample interval after me 
start of he sampling penod. Similarly, for third, fourth and successive sample intervals up to me mLmumTi samSe 

value of corresponding first sampled values of the adjacent nozzles as described herein before. sLlarly a SSno 

22E To 9 £ 25" is t ca,cu ! ated b J tekin9 the m9dia " value of -"-p--* JT5i , 32 

signals relating to the adjacent nozzles as described herein before «u V ui 
[0068] In step 1112, a difference is calculated between a sampled value of the output signal of the drop detection 

Va ' Ue T CUlated in St6P AS deSCfib8d h9rein before «» output 533 
£££ ■ , T °l 460 ,S SamP ' ed 64 limeS by ^ converter 42 °" Hence - in ste P 1112 there are calculated 64 

EXZtttXtt ?th me ri d J n output si9 7" and the output si9nal corres •»"*"» to the «™3 

S = h « « I2L! „? ' , difference s.gnals calculated in step 1112 are squared and in step 1114 a sum 
of the squared differences is calculated. In step 1115, a positive square route of the summed, squared differences 
between the median output signal and the output signal corresponding to the current nozzle being tested is catenated 
Atotaferrorcalculated .n step 1115 gives a measure of the whole of the difference between an output signal generated 

ll^T^l* "I T^? 0 " "I* median ° Utput Signal dete rmined from the plurality of output signals resulting 
from the plurality of adjacent nozzles. " 

E2h SfT"?* R . 9Ur fJ 2 herein> * ere iS illustrated 8 ra P hic a || y.bywayofexample,aplotoferrorvaluecalculated 
for each nozzle of he plurality of nozzles comprising the printer head as function of nozzle number. Using the algorithm 
as described herein before a total integrated error is calculated for each nozzle of the plurality of nozzles comprising 
the printer head According to the best mode described herein, a median error Is calculated from the total integrated 
errors calculated for each nozzle 1211. 1221. 1231. The median error is calculated by sorting the plurality of total 
fi^T '," ° f increasin 9 size int0 an arra V an ° taking the mean average of the total integrated errors 
associated wth etement numbers 262 and 263 of the array of sorted total integrated errors in the case of a printer 
head comprising 524 nozzles. Additionally, an upper quartile error value is calculated by forming a mean average of 
^e total integrated errors associated with element numbers 393 and 394 of the array of sorted to total integrated errors 
for the case of the pnnter head comprising 524 nozzles. 

[0070] Having calculated a median error value from the plurality of total integrated errors derived from plurality of 
nozzles compns.ng the printer head, and calculating the corresponding upper quartile error values associated with 
each of the nozzles of the printer head a number characterizing the probability of measuring a total integrated error 
for any nozzle of the plurality of nozzles lying a fixed distance above the calculated median error value The number 
charactenzing the probability (known herein as Sigma) is calculated using the following equation- 



Sigma = abs (upper quartile - median)/1 .35. 

[0071] Sigma is the absolute value of the difference between the upper quartile error value and the median error 
value calculated as described herein before, wherein the difference between the two upper quartile error value and 
median error value is divided by 1.35. 

T?. ' n u R 9 ure 1 2 the black horizontal lines including 1241, 1251 and 1261 represent multiples of the sigma value 
calculated herein before. Line 1261 represents 7x the calculated sigma value. For comparison there are also plotted 
on Figure 12 a line representing 8x sigma, 9x sigma 16x sigma 1251 and 17x sigma represented by line 1241 It can 
be seen from Figure 12 that certain of the total integrated errorvalues corresponding to individual nozzles ofthe plurality 
of nozzles compnsing the printer head have significantly larger error values than the majority of the errors calculated 
for other nozzles 1231. For example, error value 1221 is more than 10 sigma greater than the median error value 
calculated from the total integrated errorvalues corresponding to the same plurality of nozzles. Similarly error 1211 
is more than 1 7 sigma greater than the calculated median error value. 

[0073] In the present application an anomalous nozzles is also identified as a nozzle which has a total integrated 
errorwhich .sgreaterthan a predetermined number of sigma as described herein before. Preferably, the predetermined 
sigma level is 10 sigmas. Referring to Table 1 there is summarized how the average probability of failing a correctly 
functioning, non-anomalous nozzle decreases as the number of sigmas used to identify anomalous nozzles is in- 
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creased. Table 1 is obtained using the algorithm according to a preferred embodiment of the present invention to 
calculate the total integrated error values. 



Table 1 
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Number of sigmas 


Average probability of failing a good nozzle 


7 


1.60% 


9 


0.69% 


11 


0.31% 


13 


0.14% 


15 


0.08% 


17 


0.04% 



[0074] Additional implementations of a drop detection unit for detecting abnormal nozzles are described with grater 
details in the US Patent Application no. 99 09/252706, filed in the name of Hewlett-Packard Company. 
[0075] A process for improving image quality (IQ) of an Inkjet printing device is described with reference to schematic 
steps as shown in Figure 27. 

[0076] The IQ process starts at step 2700, when the printer 20 is taking steps for improving the quality of its output 
in terms of limiting the generation of artifacts, or banding in the printed plots by performing some preventing functions' 
[0077] At step 2705 the status of the nozzles 310 of a printhead 300, mounted in the printer 12, is checked e g 
using a drop detection procedure as described above to detect if the status of each nozzle is working, non-working or 
aberrant. 

[0078] At step 271 0 the status of each nozzle is stored in a database, e.g. as described in the following with reference 
to Figure 17A. At step 2720 statuses referring to the current and to earlier drop detections are retrieved from the 
database for each nozzle. 

[0079] At step 2730, the statuses of each nozzle 310 are reviewed and, in accordance to the evolution of their sta- 
tuses, a function to improve image quality is selected, if necessary. According to this example, only two kinds of proc- 
esses are given: (i) a process comprising functions which improve image quality by improving the health of the nozzles 
i.e. attempting to recovery the failing nozzles before printing the plot; and (ii) a process comprising functions which 
improve image quality by running error hiding algorithms, which replace failing nozzles with working nozzles when 
printing a plot The skilled in the art may appreciate that other techniques, e.g. adding delays on the firing time of a 
nozzle, which improve the image quality of the output can be easily introduced in the current process, without departing 
from the spirit of the present invention. 

[0080] If no image quality functions are necessary, e.g. because the printhead has all of its nozzles in a working 
status, the process ends at step 2770. 

[0081] At step 2730, by taking into account threshold values described in more details in the following with reference 
to Figures 19-22, it decides whether a servicing recovery process or whether an error hiding process needs to be 
executed. 

[0082] At step 2740 a servicing recovery process is executed, e.g. . a full recovery process, as described in the fol- 
lowing with reference to Figures 13-16, or a dynamic servicing process, as described in the following with reference 
to Figures 17A or 17B. 

[0083] While at step 2760 a error hiding process is performed, e.g. a process as described in the following with 
reference to Figure 25. 

[0084] Once the servicing recovery process ends, step 2750 checks if all nozzles in a failing status have been re- 
covered. If not the error hiding process of step 2760 is performed, otherwise the IQ process ends at step 2770. Once 
step 2760 is completed, the IQ process ends at step 2770 too. 

[0085] In the following, with reference to Figure 17A, an exemplary servicing recovery or clearing process as imple- 
mented in one embodiment of the present invention will be described limited to the servicing of one pen, e.g. pen 50, 
for sake of simplicity. The skilled in the art may appreciate that the same process can be performed, without substantial 
modifications, on the full set of pens, by executing some steps in parallel on the different pens (e.g. servicing) and 
some in sequence (e.g. drop detection) or even all in parallel or in sequence. 

[0086] The process start at step 1700 when the signal to start printing a plot is sent to the printer 20. At this stage 
two procedures are performed. First a conventional lightweight servicing is executed on the printhead 60. A conven- 
tional lightweight servicing may include spitting a predetermined number of droplets into the spittoon 1 08 of the service 
station 80. According to the time the pen rested in the service station capped, an higher predetermined number of 



13 



10 



15 



EP1 147 910 B1 

droplets may be spitted and a conventional wiping step can be also added. Subsequently a drop detection procedure 
for example the one described above, is started. ' 
[0087] The results of each drop detection step are then stored in a database preferably located in the printer itself 
For each of the 524 nozzles a value, corresponding to the detected information, is stored in the database where "0" 
means good nozzle (i.e. drop detected), "1" means nozzle out (i.e. no drop detected), "2" if nozzle is low aberrant and 
3 if nozzle is high aberrant As described above with reference to Figs. 1 0 and 11 , aberrant nozzles are identified by 
the amplrfude drfference value 820, e.g. the total error generated by the nozzle as calculated in step 1 150. If the total 

l *o^Z a 9f T thr6Sh0ld ' preferab, y 10 si 9 ma < see FiQ - 12 >. the aberrant nozzle is marked as low aberrant and 
set to 2 . If the total error is above a given second greater threshold, preferably 17 sigma (see Fig. 12) the aberrant 
nozzle is market as high aberrant and set to -3-. In the following more details will be given on servicing and error hiding 
routines to improve IQ when nozzles marked 1 , 2 or 3 exist in the pen. However, nozzles marked low or high aberrant 
are preferably not serviced, since the failure is usually due to a physically damaged nozzle, which can be hardly re- 
covered with the known servicing functions. 

[0088] The database can contain more details, for instance regarding the environmental conditions at the time of the 
drop detection or information regarding the pen. A typical database may contain the following parameters; 

1. Pen identifier and colour 

2. Kind of service (begin or end of plot) 

3. Absolute number of DD related to printer 
20 4. Model Number of the pen : 

5. Database release 

6. Pen identifier on Acumen 

7. amount of times the printer has been reset. 

8. Amount of second since the last registration. 
25 9. Pen Age, measured in ink fired (cc) 

10. ink remaining in refill unit in cc 

11. Environmental temperature 

12. Environmental humidity 

13. Plot width (mm) 
30 14. Plot length (mm) 

15. Carriage speed while printing (ips) 

16. Media type 

17. Maximum swath density (drops/mm) 

18. Average swath density (drops/mm) 

35 19. Maximum temperature that the pen reached in a swath 

20. Plotname 

21. Date 

22. Free string . 

23. Specific recoveries done in each Recovery cycle (see 3.2.1) 
& 24. Pens affected by recoveries (see 3.2.1) 

[0089] The 524 Drop Detection values of the nozzles: 0 if good nozzle, 1 if nozzle-out, 2 if nozzle is a low Aberrant 
and 3 if nozzles is a high aberrant. 

[0090] At step 1710 the values of the current and historical drop detections (iri the following, with current drop de- 
tection is intended the most recent one) are examined and if no failing nozzles are detected or the number of failing 
nozzles is below a certain threshold the control passes to step 1740. At step 1740, nozzles still marked as failing (i e 
out or aberrant) are preferably replaced by working ones by means of an error hiding procedure, for instance the one 
described in the following with reference to Figure 25. Then the plot is printed in combination with a conventional spit 
while printing function. At Step 1750, once that the plot has been entirely printed, a new drop detection is performed 
If again no nozzles out are detected the procedure ends at step 178 with a conventional lightweight servicing 
[0091] If at step 1710 a number of nozzle out is bigger than a given threshold, preferably one or more recovery 
servicing routines are applied later. At this stage, two options are available: 
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(i) a pattern recognition of the nozzles failures is performed (and this is considered the first step of a dynamic 
servicing process) if the database contains enough information on the nozzle health history of the pen, i.e data 
on a number of drop detection grater than a given value exists. In fact, the sequence of failures of the nozzles of 
the pen, as stored in the database, can be used as a sort of evolution path of the failures of the printhead which 
are identified by running a pattern recognition algorithm. Preferably the data should reflect a number of drop de- 
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tections which is grater than 9. and more preferably greater that 30 (generally between 4 and 1 5 plots). The patter 
recognition tries to identify the causes of the detected failure of a nozzle, by attempting to distinguish the evolution 
path of the failure, looking at the historical data of the failing nozzle and of the entire printer as stored in the database, 
(ii) Control is passed to a full servicing process when the data stored by the process, and related to previous drop 
detections, is not sufficiently accrued or reliable for allowing pattern recognition. For instance the data are consid- 
ered not reliable when an high number of nozzles out has been detected in some of the drop detections taken into 
account by the dynamic servicing process. Preferably, the trigger for data not reliable is X% of the examined drop 
detections has more than Y nozzles out, where typically X is about 30 or more and Y is about 40 or more. 



[0092] If option (ii) is true, control pass to step 1720 where a full recovery servicing is performed on the printhead. 
To be effective this process, described in grater details in the following with reference to Figs. 1 3-16, needs to investigate 
a number of drop detections considerably smaller than the one required by the pattern recognition. Once that full 
recovery has been performed control passes to step 1740, together with the information of which nozzles have not 
been recovered by the servicing. 
15 [0093] If option (i) is true, control passes to step 1730, where the second step of a dynamic recovery servicing is 
performed on the printhead, i.e. a list of recovery functions each having a specific recovery capability is formed in 
accordance with the failure modes identified by the process during the pattern recognition. Then each of these recovery 
functions are applied in the formed sequence. 

[0094] In this embodiment a group of failure modes is predetermined and each of these modes is associated to a 
recovery function. According to this example, Table 2 shows a set of failure modes and their association to specific 
recovery functions or actions triggered. The skilled in the art may appreciate that this set can be modified, e.g. in view 
of different typology of pens or inks, by defining new modes or recoveries/actions or removing some of these or defining 
different associations between failure mode and recovery/actions. 

[0095] Preferably, failures modes can also be discriminated according to when the current drop detection has been 
performed. At steps 1710 and 1730, the dynamic servicing will seek for failures typical at the beginning of plot and 
accordingly select one or more specific recoveries which are designed to improve such kind of failures. In the same 
way, in case some nozzles are not recovered, different weight can be assigned to nozzles having different failure 
modes, and this weight can then be used for generating more accurate print 



15 



EP 1 147 910 B1 



10 



15 



20 



25 



30 



35 



40 



45 



50 



55 



Failure modes codes 



0:Good nozzle 
2/3: Punctual aberrant 
10: Continuing aberrant 
42: Internal contamination 
44: Neighbor of 42 
45: Resistor out 
33: Unknown 
I 50/51:Start-up 



» 
ft 

ft- 




70/7 1 Starvation 
80/81:Bad pen 

60/61: external contamination 
35: Many Bubbles 
41/20:Continuing nozzle 
40:Punctual nozzle out 
46: Valley 



Specific Recoveries 
codes or actions 
triggered 



ERROR HIDING 
0/7/8: Full recovery 

1: Rec. Start-up 

2: Rec. starvation 

3: Rec. Bad Pais 

6: Rec.extemal contamination 

9: Rec. Many bubbles 

4: Rec. Few bubbles 

5: Rec. Punctual nozzle out 

10: Rec Valley 



Table 2 



masks. 

[0096] More details on the dynamic servicing process, its failures modes and recovery functions and the way these 
interact will be given in the following. 

[0097] Once the dynamic servicing has been completed, the method passes to step 1740, together, with the infor- 
mation of which nozzles have not been recovered by the servicing. 

[0098] Now we move back to step 1750, if the drop detection detects that not all the nozzles are good, depending 
on the status of the data in the database a different servicing process is selected: if not enough drop detections have 
been performed on the printhead or the data are not reliable, a full recovery servicing is performed at step 1760, like 
in step 1720; otherwise a dynamic servicing is performed. Contrary to steps 1710 and 1730, now the dynamic servicing 
will seek for failures typical at the end of plot and accordingly select, at step 1770, one or more specific recoveries 
which are designed to improve such kind of failures. From both steps 1760 or 1770 control passes to step 1780. 
[0099] In the following, with reference to Figures 13-16, it will be described how a full recovery servicing may be 
implemented, for example in the inkjet printer 20. 

[0100] This process allows to adjusts servicing based on the nozzle health information gathered during the last eight 
usable drop detections, and not only in the most recent one (also identified as "current drop detection"), and allowing 
to show how persistent or irrecoverable the failures of the nozzles are. 
[0101] The following definitions will be used to describe the process in greater detail: 

D (historical drop detection array): it contains the total number of defective nozzles found in the last usable eight 
drop detection's, in chronological order 

D[7] is the total nozzle defects detected during the last drop-detection 
D[0) is the total nozzle defects detected eight usable drop detects ago. 

Dsort (sorted historical drop detection): it contains the same information as D but in increasing order from minimum 
number of nozzles out found -Dsort[0]- to the maximum -sort[7J-. 
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TABLE 3 (continued) 
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[01 05] At the end of the eight usable drop detections the values are: 

Pen^Map = {00001 000}, Permscore = {0 0 0 0 1 2 0 0 0} and DD 50% =1 . At this time only nozzle 5 is considered 
permanently defective. 

[0106] With reference to Figure 13, the full servicing process will be described, again limited to the servicing of one 
pen for the sake of simplicity. The process start at step 1100 when the signal to start printing a plot is sent to the printer 
20. At this stage a lightweight servicing step 11 80 is executed. At step 1 1 1 0 a drop detection process is performed, as 
described previously described, on the printhead 400. At test 1120 it is verified if the number of nozzles out of the nth 
percentile, in this embodiment 50, of the drop detection history is below a predetermined recovery threshold value, 
here 2 if the printhead pertains to the black pen or 6 if the printhead pertains to the for color pens, or the last drop 
detection has revealed a current number of nozzles out is smaller than a predetermined End of Life threshold value, 
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here equal to 5 for black pens and equal to 8 for color pens. If the result of test 1140 is YES the process pass to step 
1140, wherein the printer prints the plot. If the result Is NO, the control passes to test 1130. In 1130 the nozzles which 
are present in the DDMap and not in the PermMap are counted and summed together. Then if this sum is smaller than 
a predetermined Permanent Nozzles Out threshold value the control pass again to step 1140. Step 1130 try to avoid 
servicing on nozzles that probably will not be recovered by the recovery servicing. Jn fact if all the nozzles detected as 
out in the last drop detection were already in the PermMap running a recovery service would probably just reduce the 
throughput of the printing, or damage other working nozzles and loose some ink. 

[0107] If the result of test 11 30 Is NOT, the recovery service procedure is started to try to recover all the nozzles out 
Thrs procedure will be described in greater details with reference to Figures 14-16. 

[0108] After the completion of the recovery procedure another Drop detection is performed in order to check the 
result of the servicing. The value of this drop detect is stored as part of the history of the printhead, as shown before 
and no further servicing activity are now performed. Then step 1140 is executed. When the plot is completed a new 
drop detection is performed on the printhead at step 1170. Immediately after, at step 1190, an end of plot servicing is 
performed on the pen. An end of plot servicing may include conventionally spitting a predetermined number of droplets 
into the spittoon 108, According to the results of the last drop detection, an higher predetermined number of droplets 
may be spitted and a conventional wiping step can be also added. After the servicing the pen is capped at step 1195 
in the service station until a request for printing a new plot is sent to the printer, then the process starts aqain from steD 
1100. 

[0109] With reference to Figures 14-16, an example of the recovery servicing procedure 1160 is provided. 
[0110] According to this example further threshold values have been defined, all the predetermined values assigned 
to the various threshold are specific to this embodiment and may vary in accordance to different servicing requirements 
of different embodiments. 

[0111] Absolute Threshold for Spitting, Absolute Threshold for Wiping and Absolute Threshold for Priming relate to 
absolute number of nozzles out in the last drop detection for each respective printhead, i.e. DDMapQ] contents for each 
printheads. These thresholds are related to the level at which the printhead would start demonstrating print quality 
defects. The level is adjusted so that a noisy low level nozzles out will not force an excessively high intervention 
frequency. The value of the Absolute Threshold for Spitting and the Absolute Threshold for Wiping is set to 1 for all 
the printheads, while the value of the Absolute Threshold for Priming is set to 4 for the color printheads (CMY) and to 
2 for the black printhead. 

[01 12] Relative Threshold for Spitting, Relative Threshold for Wiping and Relative Threshold for Priming compare 
the current nozzles out, DDMapQ], to the nozzles which exist in the map of permanent nozzles, PermMapQ], and de- 
termines if the current nozzle out snapshot varies enough from the permanent nozzles to warrant a recovery. This 
threshold is designed to ensure that permanent nozzles are not triggering unnecessary recovery routines when the 
likelihood that a recovery will not have any effect on the permanent nozzles out is very high. The values for all the 
35 relative thresholds and for afl the printheads is set to 2. 

[0113] Recursive Threshold for Spitting and Recursive Threshold for Priming allow determination of the recovery 
effectiveness of the previous recovery pass, and it is used to indicate if an additional pass through the same recovery 
pass is likely to recover another significant number of nozzles out If the recovery efficacy falls below the threshold, it 
is determined that another similar step would not have a beneficial effect on the printhead state. 
[01 14] The thresholds vary for spitting and for priming as can be seen in accordance to Figure 18, where curve 1510 
refers to prime percentage threshold and curve 1520 refers to spit percentage threshold. In the graph of figure 15 on 
the X axis reference is the number of nozzles out before performing a recursive pass, while on the Y axis it is placed 
the threshold value in terms of percentage of nozzles out which must be recovered to trigger a recursive recovery pass. 
[0115] The general equation governing these curves 1510, 1520 is: 
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Recovery Percentage = A* e " B(NO) + C 

Where A, B and C are determined by a curve fit through various critical points as shown in Table 6 where NO is the 
number of nozzles out before the recovery pass. In this example, for spitting A = 90, B = -0.05, O 1 0 and for priminq 
A=75, B=-0.11,C=25. 
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TABLE 6 (continued) 
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[0116] In this embodiment it is not employed a recursive wiping step, but the skilled in the art may appreciate that, 
similarly, a further curve may be used for defining a Recursive Threshold for Wiping. This value is set to a constant o! 
[0117J Maximum Recursive Spitting Cycles is the maximum number of the same spitting pass that can be sequentially 
performed during a the recovery servicing 1160. This threshold is set to 3 for ail the printheads. 
[0118] Maximum Recursive Wiping Cycles is the maximum number of the same wiping pass that can be sequentially 
performed during the recovery servicing 1160. This threshold is set to 1 for all the printheads. 
[0119] Maximum Recursive Priming Cycles is the maximum numberof thesame priming pass that can be sequentially 
performed during the recovery servicing 1160. This threshold is set to 2 for all the printheads. 
[0120] Maximum Total Priming Cycles is the maximum number of priming cycles that can be performed during the 
life of the printhead. This threshold is set to 35 for each color printhead (CMY) and to 50 for the black printhead. 
[0121] Referring now to figure 12, the recovery servicing procedure will be described in greater detail in connection 
with a magenta pen. It will be apparent for the skilled in the art how the recovery procedure works with the different pens. 
[0122] At step 1200 the recovery servicing procedure 1160 starts and will be described assuming that tests 1120 
and 1130 identified that the magenta pen needs recovery. At pass 1210 it is selected the magenta printhead. 
[0123] At pass 1220 a spit servicing command forces the magenta printhead to spit a predetermined amount of ink 
into its corresponding spittoon 108. For instance the printhead may fire 1000 drops only from the nozzles out at a 
frequency of 6 kHz and at a temperature of 50°C. (for Cyan pen is 600 drops at 6kHz and 50°C, for Yellow pen is 450 
drops at 6 kHz at 50°C, for Black pen is 1500 at 2kHz without pre-warming the printhead), followed by spitting 4 drops 
from all the nozzles at 10 kHz and 50°C (all the color pen use the same strategy and the black pen fires 15 dorps at 
10kHz at 50°C) A drop detection step is performed on the printhead at pass 1230 to check the result of the spit pass. 
Test 1 250 is performed to verify if the percentage of recovered nozzles (total number of nozzles out at the current drop 
detection divided total number of nozzles out at the previous drop detection) is above the Recursive Threshold Value 
for the magenta printhead. If NOT control passes to test 1 300 at figure 1 3. If the result of test 1 250 is YES a subsequent 
test 1260 is executed to verify if the number of spit passes 1220 executed during the current recovery procedure is 
equal to the Maximum Recursive Spitting Cycles threshold for the magenta pen, i.e. 3. 

[0124] Test 1 260 improves prior art recovery strategies where the recoveries needed to be developed to successfully 
recover the worst case failure of each type. For example, if some failures would require spitting 500 drops per nozzle 
to recover and others would require spitting 1500 drops per nozzle, the recovery algorithm would have to be sized to 
the higher of the two levels to cover both cases. The present recovering procedure, by means of a fast nozzle check 
implementation, allows for nozzle out checking also within the recovery step. Thus the printer is able to size the spitting 
to 500 drops and allow the printer to apply this spitting pass recursively, only as required, to recover the printhead. The 
result is a recovery strategy which is much less severe for the printhead but which can have a higher efficacy as well. 
[0125] Returning to test 1260 if the result is YES, the control passes to test 1300, otherwise control passes to test 
1240. 

[0126] Test 1 240 verifies if the number of current nozzles out, DDMap Q], are more that the Absolute Spitting Thresh- 
old for magenta pen, i.e. 1, AND if the number of current nozzles out which are NOT in the array of the permanent 
nozzles out, PermMapQ], is more than the Relative Spitting Threshold for the magenta pen, i.e. 2. 
[0127] If the result of test 1240 is "NO" as opposed to nozzles out, the recovery procedure ends at step 1460, oth- 
erwise a new spit pass 1 220 is performed again, increasing the number of spit cycles executed in the current recovery, 
i.e. now 1 +1 =2, and the flow of steps is followed as before. 

[0128] Test 1300 verifies rf the number of current nozzles out, DDMap Q], are more than the Absolute Wiping Thresh- 
old for magenta pen, i.e. 1, AND if the number of current nozzles out which are NOT in the array of the permanent 
nozzles out, PermMaptj], 's more than the Relative Spitting Threshold for the magenta pen, .ie. 2. 
[01 29] If the test 1 300 returns "NO" the recovery procedure ends at step 1 460, otherwise at pass 1310a wipe servicing 
command forces the magenta printhead to be wiped according to a predetermined wiping strategy, increasing the 
number of wipe cycles executed in the current recovery procedure, i.e. now 0+1=1. For instance The wiping strategy 
for any color printheads includes spitting 20 drops from all nozzles at 10 kHz and 50°C, then perform 2 cycles of bi- 
directional wipe at a speed of 2 ips (inch per second). Then the magenta pen fires 600 drops (Y pen 600 and C pen 
800) from all nozzJes at 10 kHz (Y and C pens the same) and 60°C (Y and C pens at 50°C). 
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[0130] If the pen is black the wipe servicing includes spitting 10 drops from all nozzles at 10 kHz at 50°C, PEG the 
pen once at a speed of 2 ips and with an hold time of 0.5 sec. Then a wipe from the front to the back of the 'printhead 
is performed once at 2 ips speed, followed by a cycle of 3 bi-directional wipes at 2 ips. Then all nozzles spit 200 droDs 
each at 10 kHz at 50°C. 

[0131] A final spitting step is then performed: color pens fire 5 drops at 10 kHz at 50°C while a black pen fires 15 
drops at 10 kHz at 10°C. 

[0132] A drop detection step is performed on the printhead at pass 1320 to check the result of the wipe pass. Test 
1330 is performed to verify if the percentage of recovered nozzles (total number of nozzles out at the current drop 
detection divided total number of nozzles out at the previous drop detection) is above the Recursive Threshold Value 
for the magenta printhead. 

[0133] If the result of test 1 330 is "NO" control passes to test 1400 at figure 14. If the result of test 1 330 is 'YES" a 
subsequent test 1340 is executed to verify if the number of wipe servicing 1310 executed during the current recovery 
procedure is equal to the Maximum Recursive Spitting Cycles threshold for the magenta pen, i.e. 1 . If the result of test 
1 340 is YES, the control passes to test 1 400, otherwise control passes to test 1 300. 

[0134] Test 1400 verifies if the number of current nozzles out, DDMap [j], are more that the Absolute Priming Thresh- 
old for magenta pen, i.e. 4, AND if the number of current nozzles out which are NOT in the array of the permanent 
nozzles out, PermMap[j], is more than the Relative Priming Threshold for the magenta pen, Je. 2. 
[0135] If the test 1400 returns "NO" the recovery procedure ends at steps 1460, otherwise a test 141 0 verifies if the 
total number of primes executed by the current pen, exceed the Maximum Total Priming Cycles for the magenta pen, 
i.e. 35. If the test return YES the recovery procedure ends at steps 1460, otherwise at pass 1420 a conventional priming 
servicing command forces the magenta printhead to prime, increasing the number of priming cycles executed in the 
current recovery procedure, i.e. now 0+1=1 , as well as the total priming cycles. A drop detection step is performed on 
the printhead at pass 1430 to check the result of the prime pass. Test 1440 is performed to verify if the percentage of 
recovered nozzles (total number of nozzles out at the current drop detection divided total number of nozzles out at the 
previous drop detection) is above the Recursive Threshold Value for Prime for the magenta printhead. 
[0136] If the result of test 1440 is "NO" the recovery procedure ends at steps 1460. If the result of test 1440 is YES 
a subsequent test 1450 is executed to verify if the number of prime servicing 1420 executed during the current recovery 
procedure is equal to the Maximum Recursive Prime Cycles threshold for the magenta pen, i.e. 2. If the result of test 
1340 is YES, the recovery procedure ends at steps 1460, otherwise control passes to test 1400 again. 
[0137] In the following it is provided how the recovery procedure may work trying to recover a Magenta pen with 32 
nozzles out: 



DO SPIT RECOVERY Magenta 
Drop Detect= = 20 Nozzles Out 
Spit Efficiency = 37.5% 

Recursive Threshold Spit at 32Nozzies Out = 28% (Satisfied) 

# Spit Cycles=1 

Max Cycles= 3 (Satisfied) 

Absolute Threshold Spit= 1 (Satisfied) 

Relative Threshold Spit= 2 (Satisfied) 

SPIT RECOVERY Magenta 

Drop Detect= 18 Nozzles Out 

Spit Efficiency* 10% 

Recursive Threshold Spit @20NO=43% (Not Satisfied 
Absolute Threshold Wipe= 1 (Satisfied) : 
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Relative Threshold Wipe= 2 (Satisfied) 
DO WIPE RECOVERY COLOR 
Drop Detect* 20 Nozzles Out 

Wipe Efficiency= 0% (Actually negative but clips at zero) 

Absolute Threshold Prime- 4 (Satisfied) — ' 

Relative Threshold Prime= 2 (Satisfied) 

# Total Primes= 6 

Max Primes Allowed Magenta^ 35 (Satisfied) 
PRIME RECOVERY Magenta 
Drop Detect= 12 Nozzles Out 
Prime Efficiency^ 40% 

Recursive Threshold Prime @20NO= 33% (Satisfied) 

# Prime Cycles= 1 

# Max Recursive Prime Cycles= 2 (Satisfied) 
Absolute Threshold Prime= 4 (Satisfied) 
Relative Threshold Prime= 2 (Satisfied) 

# Total Primes^ 7 

Max Primes Allowed Magenta= 35 (Satisfied) 
PRIME RECOVERY Magenta 
Drop Detect= 6 Nozzles Out 
Prime Efficiency= 50% 

Recursive Threshold Prime @12NO= 45% (Satisfied) 

# Prime Cycles= 2 

# Max Recursive Prime Cycles= 2 (Not Satisfied) 
LEAVE RECOVERY ALGORITHM FOR PRINTING 

Iu e dynamic w^ng process will now be described in greater details, again limited to one pen for clarity. 
[0139] The bigger difference between full servicing above and dynamic servicing resides in the fact that the history 
of the nozzles of the printhead is used to attempt a pattern recognition of the failure. The dynamic process analyses 
the historical behaviour of the printhead and based on tills it reassigns or assigns new failures code to one or more 
nozzles; this failure code is then taken into account to select the more appropriate recovery function. In this way it will 
be clear if the nozzle is out, for instance due to bubbles, to internal contamination, to start-up, to starvation and so on 
i.e. it will be detected not only which is the nozzle that is failing, but also why. 

[0140] With reference to Figures 19-22, it is shown in grater details the method to perform the pattern recognition of 
steps 1710 and 1760, to identify the failure modes of the failing nozzles 

[0141] The process starts at step 1 900, when the database is opened, and the results of the current drop detection 
and of the history of the last Z drop detections, for each of the nozzle marked 0 or 1 , are passed to the pattern recognition 
procedure. The output is a pair of failing nozzle vectors one containing the failure codes of odd nozzles and the other 
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of even ones. AIJ the aberrant nozzles (code 2 and 3) will be passed through a different pattern recognition procedure 
which will be described later. Preferably 2 is grater than 30 and more preferably is equal to 40 or more However this 
number is dependent on the colour, e.g. black (K) yellow (Y) cyan (C) magenta (M) light cyan <Lc) or light magenta 
(Lm), and on the type of ink, e.g. dye, pigmented or textile, used by the pen. Some inks may require a larger history 
then others for allowing an accurate patter recognition of the nozzle failures. A preferred default value for the size of 
the history is 50 drop detection. However the database will store a deeper history, up to 5000 drop detections or more 
which may be used for a more accurate investigation of the reasons of some failures occurred to the printer or the pen 
(s). Such history may be automatically review for instance by a software tester or manually by a service engineer. 
[0142] At step 1905 it is checked if, in the last drop detection, more than 40 nozzles were out. i.e had code equal to 1 
[0143] Experiments have verified that if the printhead has an high number of nozzles out, Preferably 40 it is likely 
that a single factor has caused all or most of the failures. For this reason and for speeding up the process has been 
decided that if the pen has this high failure rate the first failure code identified will be assigned to the entire pen and 
the pattern recognition stops without assigning codes to the remaining nozzles. 

[0144] Then, control passes to step 1910, where it is checked if the current drop detection happened at the begin of 
plot. If not, at step 1920 it is controlled if the maximum temperature of the pen is higher than a limit, which preferably 
is set to about 60°C. If it is not a problem of temperature, this means that the failure is due to external contamination 
problems, like head crash or paper particles on the printhead or dried ink on the nozzle plate, thus at step 1930 the 
failing nozzles are set to code 61, and at step 1940 an external contamination recovery is "programmed" for these 
nozzles. "Programmed" means that once the failing nozzle vectors will contains all the new failure codes of the nozzles 
the associated recovery functions will be ordered from the lighter to the stronger and applied to the printhead in such 
sequence. The code associated to the recovery function identifies the strength of the servicing, where a lower value 
means a softer servicing. 

[0145] If the answer to step 1 920 is yes, at step 1 950 it is verified if the printed plot was an high density plot, preferably 
by checking whether the pen have fired more than a given number of drops for printing said plot. More preferably this 
number of drops is bigger than 1000. If so this means that a smaller quantity of ink is flowing to the nozzle plate, 
generally because a big bubble of air has been generated in the vaporisation chamber of the pen. In the following this 
failure is called starvation. Thus at step 1 960 a code 71 is assigned to all the pen and at step 1980 a starvation recovery 
function is programmed. 

[0146] If the test 1910 return yes, then at step 2000 it is checked if in the previous dynamic servicing an external 
30 contamination recovery was applied and it recovered less than 40% of the non-working nozzles OR between the last 
(after servicing) and the current (before servicing) drop detection the number of nozzles out decreased, preferably of 
4 or more nozzles. If so, this means that the previous failure was not due to external contamination but due too many 
bubbles and that this failure was not solved by the previous "wrong" servicing. Many bubbles means that an high 
number of nozzles have bubbles of air in their ink channels. Then step 2050 assigns a code 35 to all the nozzles and 
35 a many bubbles recovery is programmed. 

[0147] If test 2000 returns no, at step 201 0 it is checked if a new reset of the printer occurred or the pen has been 
capped for a long period, preferably for more than 1 2 hours. If so, at step 2030 code 51 is assigned to all nozzles and 
at step 2040 a start-up recovery function is programmed. If test 2010 returns no, this means that an unknown failure 
has been detected, so at step 2015 a code 33 is assigned to all nozzles and a full recovery process is executed. 
[0148] Returning to Figure 19, if test 1905 returns no, we move to step 1995. Contrary to the other branch of the 
tree, in this case all the failure codes are assigned to specific nozzles and not to the entire pen. 
[0149] At step 1995 it is checked (I) which of the failing nozzles in the current drop detection are condensed in a 
zone, so step 2190 assigns these a temporary code 30; and (ii) which of the failing nozzles are isolated, so step 2200 
gives these a temporary code 40. Depending on the answer to this question a temporary code is given to all the nozzles 
out, since a pen can have several nozzles out condensed and several nozzles out isolated. 

[0150] Table 7 shows a hypothetical even row of nozzles where the failing ones are the nozzles 10, 150, 152, 154, 
400, 404 and 524. There is a box that means that the current drop detection and then the temporary fail vector.' 
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[0151] Next, all nozzles with code 30 will be analysed. We need to know if these are located in a know valley of the 
printhead or these has been generated by a bigger problem like start-up, starvation or External contamination. In this 
example it is assumed that these pens have a defect which causes a valley between even nozzles 200 and 280 
[0152] At step 2110, if the condensed nozzles out are EVEN numbers located between nozzles number 200 and 
280, we are facing a Valley and a code 46 is assigned to these at step 2190. At step 2195 a valley recovery is pro- 
grammed for such nozzles. 

[0153] If not, a test 2130 is executed to check is the current drop detection was performed at the beginning of plot 
[0154] If not, steps similar to steps 1 920-1 990 are performed to understand whether the failure is caused by start- 
up, external contamination or starvation. Thus, at step 2140 it is controlled if the maximum temperature of the pen is 
higher than a threshold, preferably 60°C or more. If not, at step 2150 the failing nozzles are set to code 60, and at step 
2160 an external contamination recovery is programmed for these nozzles. 

[01 55] If the answer to step 2140 is yes, at step 1 950 is verified if the printed plot was an high density plot If so this 
means that the pen suffer a problem of starvation; thus at step 1960 a code 71 is assigned to all the failing nozzles 
and at step 1980 a starvation recovery function is programmed for these nozzles. 

[0156] Returning to test 2130, if the answer is yes, at step 2175 it is checked if a new reset of the printer occurred 
or the pen has been capped for a long period. If so, at step 2180 code 50 is assigned to the failing nozzles and at step 
21 85 a start-up recovery function is programmed for these nozzles. If test 21 75 returns no, at step 21 70 a code 33 is 
assigned to these nozzles and a full recovery process is programmed at step 21 77. 

[0157] Returning to step 2200, a test 2210 for continuing nozzles with gap is run for each nozzle (good or 40) by 
looking at its history. 

[0158] Preferably for each nozzles the history includes the current plus last 30 drop detections. In the current best 
mode it is determined if the nozzle is a continuing (intermittent or continuing) failing nozzle. To check this , a number 
of drop detection for this nozzles is taken into exam and it is detected how often the nozzle was working or non- 
functioning. Preferably, if in 6 drop detections (current plus last 5) failed 4 or more times and was firing 2 or less times 
(this is defines the allowed gap) it is flagged as continuing failing nozzle. The skilled in the art may appreciate that 
these vales are entirely experimental, and that can be easily varied if the requirements for assigning a failure become 
more or less strict. 

[0159] Depending on the answer, a different temporary code is assigned. If it's the first time (or too long since the 
last time it failed) that the nozzle foils, the code 40 is maintained at step 2215. If the nozzle is identified as a continuing 
falling nozzle, at step 2220 it will receive (i) a code 41 if it is currently failing or (ii) a code 20 if it is currently working 
(meaning that in the close past failed at least 4 times) and not 0. 

[0160] At step 2225, it is investigated if each code-41 nozzles out is failing in a continues way or intermittent way, 
by checking if was failing in the previous 5 plus current drop detections. Then, if it returns no, this means that the 
nozzles out have been never recovered again, and are classified as nozzles with resistor out and at step 2275 a code 
45 is assigned. At step 2280 the process end without recovery for these resistor out nozzles. 

[0161] The code-41 nozzles out, that fail in an intermittent way, maintain their code at step 2230. In the following 
Table 8 is given an example of continuing nozzles out. 
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[0162J At step 2235 the algorithm analyses all the remaining nozzles with code 41 (intermittent nozzles out) and 40 
(isolate but not continuing nozzle out) to see whether it exists a trajectory in a given range around each of such nozzles 
As shown in Figure 23, this range is a matrix of 18 nozzles (all EVEN or all ODD), of which 9 above and 9 below the 
analysed nozzle and 6 drop detections per nozzle. This matrix is formed by five smaller overlapping ranges 
<6DDx6Nozzles) built in the following way: the first range is extending for 6 nozzles directly above the analysed one 
and with a dept of 6 drop detections, the second range is extending for 6 nozzles directly below the analysed one and 
a dept of six drop detections. Third and Forth ranges are like the first and second ranges but shifted respectively 3 
nozzles up and 3 nozzles down. The fifth range is the central one extending from three nozzles above the analysed 
one to three nozzles below It Then it is calculated the sum of nozzles out in each of the smaller 6x6 ranges and then 
it is selected the range that has more nozzles out as far as it has more than 1 nozzle out The next step is to reduce 
the selected 6x6 range to an even smaller range which has to contain all such nozzles out. Then, the comer of this 
range and the nozzle to be analysed creates a trajectory 2300. An acceptable trajectory will have a slope bigger than 
a given threshold. Preferably this threshold is an angle a comprised, including the extremes, between 10 and 90 de- 
grees. 

[0163] If a nozzle out has an acceptable trajectory, at step 2240 it will change the code to 42; at the same time its 
neighbour nozzles, even if good nozzles, will have a new code assigned (code 44) meaning that they are neighbours 
of a 42 nozzle. Preferably 2 neighbours per side will have the code changed, as show in Table 9. At step 2250 an 
internal contamination action is programmed for nozzles 42 and 44. Experiments run by the Applicant have shown that 
internal contaminants can be hardly removed, and that, if these nozzles are serviced, it is likely that the contaminants 
are displaced somewhere else on the printhead, i.e. damaging other nozzles which possibly were working in the past. 
The rationale in this case is to disable the failing nozzle and its neighbours so that the internal contamination will not 
be moving while printing a plot. This means that the print mask generation process will error hide nozzles with code 
42 and 44 and will select working nozzles that are more likely to function during the printing the plot (in fact no drop 
detection is expected while printing a plot). 

[0164] If the nozzle out hasn't an acceptable trajectory, the code 40 (step 2255) or 41 (step 2260) will not change 
Then a code 40 means that the nozzle out is punctual and a code 41 means that the nozzle out may be caused by a 
bubble. Accordingly at step 2265 a punctual recovery is programmed on nozzle 40 while on step 2270 a few bubble 
recovery is programmed for nozzle 41 . 

[0165] In Table 9 an example of pattern recognition of a trajectory is shown assuming that nozzle out 520 has an 
acceptable trajectory. Then, the code will change to 42 and the neighbours code will change to 44. 
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final fail vectors, one for the even nozzles and one for the odd nozzles. According to the examples above the final fail 
vector for the even nozzles will be: 
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[0167] The pattern recognition used to seek aberrant nozzles is simpler. Basically, it is just looking for continuing 
aberrant nozzles, i.e. nozzles with a tendency to be aberrant nozzles. A punctual aberrant nozzle, having code 2 and 
3, generally does not hurt the image quality but a continuing aberrant nozzle, either low or high aberrant does and it 
is identified by code 10. 

[0168] As in the case of checking continuing nozzles out at step 2210, the pattern recognition looks for a nozzle that 
has been aberrant at least X times in the last Y drop detection, where X is preferably greater than 8 and Y is greater 
than 12, i.e. allowing the nozzle to work 3 times in the last 12 drop detections. This allows to classify as continuing 
aberrant nozzle, nozzles which are aberrant in an intermittent way. 

[0169] As said above the dynamic recovery process is basically formed by two major phases, a patter recognition 
and a recovery cycle. In the following it will be describes how the recovery cycle interfaces the output of the pattern 
recognition, i.e. the final fail vectors. 

[0170] Table 10 contains a summary of the failure mode codes for failing nozzles. Preferably, all these failure mode 
codes are generated each time during the pattern recognition and stored in the final fail vector. The contents of this 
vector is not stored in the database as part of the drop detection history, and once that that the recovery servicing 
procedure has finished, these values are discarded. 1 

Table 10 
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Table 10 (continued) 




CODE 


EXPLANATION 1 


10 


Continuing aberrant nozzle 


42 


Internal contamination 




44 


Neighbour of internal contamination 


45 


Resistor out 



[0171] Preferably each of the above failure mode code will trigger a specific recovery function or action as shown in 
Table 2 above. 

[0172J In addition, if the dynamical recovery process works with pens which may have different ink systems e g 
pigmented or dye-based ink, some modifications need to be taken into account. From tests run by the Applicant the 
pattern recognition may remain substantially the same, but depending on the ink system in use the specific recovery 
functions triggered may be different. For instance, in case of external contamination, a recovery for a pigmented ink 
preferably requires a high wipe speed, while a recovery for a dye-based ink preferably requires a low wipe speed 
[0173] A pen may have nozzles out with different failure mode codes, as shown in the examples above then more 
than one specific recovery function needs to be applied to the printhead. The less aggressive recovery will be done 
first and the most aggressive will be done at the end. 

[0174] For instance if the printhead has bubbles and very aggressive recovery (to recover other nozzle out typology) 
is applied prior to recovering them, the servicing may end up with an increase of the amount of bubbles. This means 
that first the bubbles need to be recovered and then the aggressive recovery can be applied to recover the other nozzle 
out typology. Each specific recovery has a different code, as shown in Table 2 and in Figures 19-22: the lowest is the 
code, the less aggressive/strong is the recovery, and this code is used to sort the functions before being applied. 
[0175] Preferably, a fibre detection function can be added to the pattern recognition procedure. A long fibre or a piece 
of paper could block partially the drop detection light path. Having the fail vector for ail the pens in the printer it can be 
analysed if the drop detection detects the same amount of nozzles out in all pens. If the drop detector detects more 
than 30 nozzles out that may be due to a fibre, an error message may appear in the front panel, informing the user of 
the kind of failure. If the drop detector detects less than 30 nozzles out due to a fibre the printer considers those 30 
nozzles as being good. 

[0176] Now it is described in greater details how each specific recovery function works, together with its strength 
code and thresholds. 

[01 77] Some failure modes codes do not trigger any specffic recovery function because either they cannot be recov- 
ered (resistor out) or ft is not entirely known how to recover them. The skilled in the art may appreciated that any novel 
specific recovery function can be added in this process without departing from the spirit of the present invention 
[0178] Each recovery may also have one or more thresholds to be triggered, preferably a triplet. The value of each 
threshold may be different for different specific recoveries, colours and ink types. 

[0179] In this embodiment having 4 pens, a starting threshold of a specific recovery function is a vector of 4 values 
{x, y, z, a,}, which stores all the different starting thresholds of a such function when applied to pen of different colours 
(K, Y t C, M). For instance this means that a K pen needs V nozzles out with a specific failure mode code to trigger the 
corresponding specific recovery function in that colour. Similarly y nozzles out are the trigger for a yellow pen and so 
on. In case that the printer uses more colours, e.g. like light cyan or light magenta, this vector is expanded by adding 
more values, e.g. two new values. Preferably, different vectors can be provided for different ink types but, for simplicity, 
in the following reference is made to only one vector. 

[0180] A recovery threshold contains a value representing the percentage of nozzles which need to be recovered 
by said recovery function in a single run. If the number of recovered nozzles is above the threshold this allows the 
same specific recovery to be applied again, if a repeated cycle of specific functions is applied. The percentage of 
nozzles that need to be recovered is calculated on the total number of failing nozzles (i.e. nozzles originally marked 
as 1, 2 or 3) which have caused the failure associated to that recovery. 

[0181] An anti-damage threshold contains a value representing a maximum number of nozzles of a non currently 
serviced printhead which, during a cycle of recovery functions, can be damaged (i.e. working nozzles converted into 
no-working) by the servicing applied on the serviced printhead. If more nozzles than this value are damaged, future 
iteration of the recovery function will be inhibited. This anti-damage threshold is particularly beneficial when a wipe 
servicing is applied. Because of the way the wipers on the printhead cleaners can be actuated and applied to the 
nozzles plate, It may happen that when wiping a printhead, simultaneously, one or more additional pen are wiped. Thus 
while the required servicing, including a wiping step, may be beneficial for such a pen, it is likely to damage other pens. 
If this happens, and the generation of non-working nozzles is higher than the anti-damage threshold, the servicing, 
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including the wiping step, is no longer repeated in the current dynamic recovery process. Similarly, this concept applies 
to all the specific recovery functions. 

START-UP RECOVERY 

[0182] This recovery consists of spitting all the nozzles from the pen that is suffering Start-up. Preferably the recoverv 
is 1500 spits per nozzle, at 50oC and 10.000Hz. ~ ' / y 

[0183] The starting threshold is {3,3,3,3} and the recovery threshold is 20% of nozzles recovered. The anti-damaae 
threshold is 5 and its strength code is 1 

EXTERNAL CONTAMINATION RECOVERY. 

[0184] This recovery is among the few ones which use a wiping step. One of the bigger benefits of using specific 
recovenes has been the reduced use of the wipe servicing since if applied improperly it may generate more problems 
e.g. the wiper may force dried ink or contaminants into one or more nozzles. The wipe is used only when it is known 
that it will be useful. Several steps exist in this recovery function: 



• Pre-wipe spitting which spits 200 spits to all the pen at 50°C and 10.000Hz. 

• Bi-directional wipe: 6 cycles at 2ips. 

20 ♦ Post-wipe spitting which spits 200 spits to all the pens at 50°C and 10.000 Hz 

[0185] All the thresholds are preferably higher than the ones of most of the remaining recoveries, in order to reduce 
to a minimum the usage of this function. The starting threshold is {5,5,5,5}, the recovery threshold is 40% the anti- 
damage threshold Is 5 and its strength code is 6 



FEW BUBBLES RECOVERY 



[0186] Once a bubble is detected, a good way to recover it is to spit at different frequencies the nozzle with the 
bubble and its neighbours. In this recovery, the spit step applies to the nozzles with the bubble and to extra X neighbours 
30 at both sides. Preferably X is equal to 5 or more. 

• Spit 200 drops at 50°C and 1 .000 Hz. 

• . Spit 200 drops at 50°C and 15.000 Hz. 

• Spit 200 drops at 50°C and 1.000 Hz. 

35 

[0187] The starting threshold is {3,3,3,3}, the recovery threshold is 20%, the anti-damage threshold is 5 and its 
strength code is 4. 

PUNCTUAL NOZZLE OUT RECOVERY 

[0188] The recovery just applies the following servicing to the sole nozzle that is failing: spit 50 drops at 50°C and 
10.000 Hz. 

[0189] The starting threshold is {3,3,3,3}, the recovery threshold is 20%, the anti-damage threshold is 5 and its 
strength code is 10 

VALLEY RECOVERY 

[0190] The recovery applies the following servicing to the failing nozzles: 

50 • Spit all pens 20 drops at 50°C and 10.000Hz 
Prime bad pen(s) 

• Wait 6 seconds 
Wipe 3 cycles at 2ips 

• Spit all pens at 800 drops at 50°C at 1 0.000 Hz 
55 • Snoutwipe with wiper 190 

[0191] The starting threshold is {8,8,8,8}, the recovery threshold is40% the anti-damage threshold is 3 and its strength 
code is 10. 
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6.7. STARVATION RECOVERY: 



[01 92] If starvation has been identified, there is no servicing currently available for this defect. Preferably a message 
is ; sent to the user through the user interface advising to replace the pen. If the pen is not replaced the printmode is 
changed by ,ncreas.ng the number of passes, to reduce the throughput of the pen and to prevent the pen from not 
receiving enough ink. 

[0193] The starting threshold is {0,0,0,0}, the recovery threshold is 0 the anti-damage threshold is 1000 or any hiqh 
value that avoid stopping the recovery In case other failing nozzles are generated in other pens, and its strength code 

IS <u. 



BAD PENS RECOVERY 



[0194] The associated failure mode refers to a pen which become too hot when it prints a low-density plot Again no 
servicing is available. Preferably a message is sentto the user, through the user interface, advising to replace the pen 
f the pen is not replaced the printmode is changed by increasing the number of passes, reducing the throughput of 
the pen, to prevent the pen to become too hot again. 

[0195] The starting threshold is {0,0,0,0}, the recovery threshold is 0 the anti-damage threshold is 1000 or any high 
value that avoid stopping the recovery in case other failing nozzles are generated in other pens, and its strength code 
is 3. 



MANY BUBBLES RECOVERY 



[0196] This is a recovery consists of priming, wiping and spitting: 

• Spit all pens 20 drops at 50°C and 10.000Hz 

• Prime bad pen(s) 
Wait 6 seconds 
Wipe 3 cycles at 2ips 

• Spit all pens at 800 drops at 50°C at 10.000 Hz 

• Snoutwipe with wiper 1 90 



[01 97] The starting threshold is {8,8,8,8}, the recovery threshold is 40% the anti-damage threshold is 3 and its strength 
code is 9. 



FULL RECOVERY 



[0198] This recovery can correspond to the full recovery process described above with reference to Figures 13-1 8. 
[0199] Alternatively, a full recovery function can consist of 

(a) a conventional spitting recovery, with starting threshofd equal to {3,3,3,3} or more, the recovery threshold equal 
to 20% or more, the anti-damage threshold equal to 5 or more and its strength code equal to 0. 

(b) a conventional wiping recovery with starting threshold equal to {5,5,5,5} or more, the recovery threshold equal 
to 40% or more, the anti-damage threshold equal to 5 or more, and its strength code equal to 7; and 

(c) and conventional priming recovery with starting threshold equal to {8,8,8,8} or more, the recovery threshold 
equal to 40% or more, the anti-damage threshold equal to 5 or more and its strength code is 8. 

[0200] These 3 recoveries are applied in sequence, from the lower strength code to the upper, but with an intervening 
drop detection step which checks the percentage of recovery before deciding if repeating the current recovery or pass- 
ing to the following stronger one. This is applied each time that the pattern recognition is not capable of recognising a 
failure mode. 

[0201] In a second preferred embodiment and in accordance to the above, the dynamic servicing process described 
with reference to Figure 17A, is modified in a way that the full servicing process is entirely replaced by the use of the 
above full recovery function, integrated into the dynamic servicing process, as shown at figure 17B. 
[0202] In Figure 17 B steps 1720 and 1760 have been removed and the lists of specific recoveries at steps 1730 
and 1 770 have been integrated with the addition of the full recovery function. This means that, whenever at steps 1710 
or 1750 the drop detection history cannot be used for any reasons, a code 33 will be assigned to the nozzles of the 
entire pen. This will trigger a full servicing function on the entire pen at the corresponding following step 1 730 or 1 770. 
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FIBRE DETECTION 

[0203] If the drop detector detects more than 30 nozzles out that may be due to a fibre, an error message should 
appear in the front panel, informing the user of the kind of failure. If the drop detector detects less than 30 nozzles out 
due to a fibre the printer considers those 30 nozzles as being good. 

[0204] If we move now to Figure 24 it is shown how the dynamic servicing process applies the recovery functions 
associated to the fail vectors to the printhead. 

[0205] At step 2400 the process starts and at step 2410 a drop detection is performed. At step 2420 a pattern rec- 
ognition is made, based on the results of drop detection and, as described above, it returns a pair of fail vectors 
containing the failure mode codes for each non-working nozzle. Test 2425 checks if the failure mode codes in the failing 
nozzles require any specific recovery functions to be applied to the pen or to any nozzles. If any programmed recovery 
taking into account ail the associated thresholds, is triggered, control passes to step 2430 where all the triggered 
functions are ordered in a list from the one having the lower strength code to the one having the higher code, generating 
one cycle of recovery functions. Then each of the functions in the cycle is applied in sequence to the pen or nozzles 
Once the cycle finishes, a test 2440 is done to verify rf the number of cycles of recovery functions applied to the 
pnntheads is bigger than a certain threshold, which preferably is set to 3. If 3 cycles have been already done the 
process makes a final drop detection and a pattern recognition, to check which are the nozzles still failing or at risk of 
failure which need error hiding, and ends at step 2450. If the limit has not been reached, a new drop detection 2410 
and patter recognition 2420 is performed in order, If necessary, to generate a new cycle of recovery functions which 
<v may be different from the previous one. 

[0206] With reference to Figure 25 an exemplary error hiding technique which can be used to hide artefacts made 
by not recovered nozzles or aberrant nozzles is described 

[0207] It is known to use error hiding to improve the print quality. In EP patent application no. 98301559 5 it is describe 
a technique which use a pattern based nozzle health detection technique, based on a LED line sensor mounted on 
the pen carnage which reads a printed pattern to find misdirected or missing dots corresponding to nozzles out weak 
and some kinds of misdirection. 

[0208] This technique is executed each certain number of plots and apply error hiding on the failing nozzles However 
this approach has some limftatipns: 

• It is slow and this limits the number of times that It is possible to perform without heavily affecting throughput and 
printer productivity. This means that the result of a single detection will be used for several plots with the risk of 
printhead nozzle hearth changing over time. 

• Only the most recent detection is used, making impossible adjusting the error hiding strategy to printhead nozzle 
health dynamic variations, such as internal contaminants moving inside the nozzles, air accumulation, nozzle plate 
dirtiness, head crashes (printhead touching media while printing), external contaminants moving on the nozzle 
plate, or the like. 

• Each cycle of the technique implies a certain waste of media or a media change since cannot successfully work 
on all media. 

[0209] In addition to the previous definitions already described for maintaining historical health information on noz- 
zles, the following definitions also will be used in this embodiment. 

[0210] Dnozzi: this array contains the results of the last eightdrop detections for the ith nozzle. 
[021 1] Dnozzi[7] contains the result of the more recent drop detections 
[0212] DnozzifO] contains the result of eight usable drop detects ago. 

[0213] For the sake of clarity DDMap and Dnozzi has been described independently but both contains the same 
information. Each DDmap vector contains the data for each nozzle according to a single drop detection, white each 
Dnozzi contains the data for a single nozzle according to ail the usable drop detections. Thus according to the various 
examples system comprising a pen having 524 nozzles which wants to maintain a history of 8 drop detections needs 
524 Dnozzi[8] vectors and 8 DDMap[524] vectors 

[0214] b: contains the factor for weighting the historical result of the usable drop detection, i.e. a value which allows 
to emphasise measurements related either to more recent drop detections (when b contains bigger values) or to older 
drop detections (if b contains smaller values). 

[0215] W: is a function able to calculate the weight of a given historical drop detection array Dnozzifl 
[0216] W is defined as : 
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W(Dnozzi[] = J^Dnozzty] £< 

i=0 



[0217] W is then normalised to obtain a function w in the [0..1] range which correspond to a distribution of probability. 



^({1,1,1,1,1,1,1,1}) £ b , 

15 

[0218] Thus w attempts to predict the probability that the ith nozzle would pass the next drop detection, i.e. would 
fire properly. In order to do so the value of b is chosen by using its maximum likelihood estimator for the w distribution 
[0219] With reference to figures 26A to 26D, it is shown how the value of w changes for one nozzle after every drop 
detection, where.each figure refers to the same nozzle history but applying a different values for the basis b 
20 [0220] In Figure 26A b is equal to 10 and It is shown how the more recent 1-2 detection are considerably affectina 
the weight result. a 

[0221] In figure 26B b is equal to 2, i.e. the weight of the last detection is bigger than the sum of the weight of all the 
previous detection. Thus, a non-working nozzle which has fired only once but during the last drop detect is weight more 
than a nozzle which is always firing but has failed during the last drop detection. Experiments run by the applicant have 
25 shown that the second nozzle is more reliable of the first one. 

[0222] In figure 26C b is equal to 1 .5 In order to take more into account the history of the nozzle. 
[0223] In figure 26D b is equal to 1, thus all the drop detection has the same history. 

[0224] For each example the following history for the nozzle has been used, wherein 1 is correspond to workinq and 
0 to failing: 

30 Initial history {1, 1, 1, 1, 1, 1, 1, 1} 

History: 0.1,1,1,1,1,1,1,0,0,0,0,0,0,0,0,1,0,1,1,1,1,0,0,1,1,0.1,1,0,1 
[0225] The values reported on the X axis correspond to blocks of 8 consecutive historical result starting from the 
initial history {1,1,1,1,1,1,1,1) and permuting the values according to the History up to the more recent block 
{1,0,1,1,0,1,1,0). 

35 [0226] Extended test run by Applicant have shown that within a preferred range of values for the weight factor b 
included betweenl and 2 all of which are capable of providing a reliable estimation of the probability that the nozzle 
will work the next time it is fired, the better values are between 1 .4 and 1 .6, preferably 1 .5, all of which are capable of 
providing a more realistic picture of the status of the nozzle. 

[0227] Error hiding problems depends mainly on two error: a) wrong nozzle identification, i.e. the nozzle identified 
as failing is actually working, so there was non need to replace it; b) wrong nozzle replacement, i.e. the nozzle selected 
for replacement is actually non-working: 

[0228] In the following will be described a probabilistic technique to determine if a nozzle should be replaced and by 
which other no77l» 



[0229] To determine if a nozzle should be replaced, the probability that it will fail the next drop detection is compared 
45 with a threshold, in this embodiment the value is 0. The estimation of this probability is obtained by means of the w 
function, i.e. 1-w would be the probability-to-fail score and this value will be used to identify the nozzle to be replaced. 
[0230] Usually, error hiding implies a multi-pass printmode, even if there are techniques for performing error hiding 
even with one-pass print modes, in the following it will be described how this technique is working with a multi-pass 
printmode and while the skilled in the art may appreciate that the same technique will work using the same principles 
50 in single-pass printmodes. 

[0231] The concept of printmodes is a useful and well known technique of laying down in each pass of the pen only 
a fraction of the total in required in each section of the image, so that any areas left white in each pass are filled in by 
one or more later passes. This tends to control bleed, blocking and cockle by reducing the amount of liquid that is on 
page at any given time. 

55 [0232] The specific partial-inking pattern employed in each pass, and the way in which these different patterns add 
up to a single fully inked image is known as a printmode. For instance a one-pass mode is one in which all dots to be 
fired on a given row of dots are placed on the medium in one swath of the printhead, and than the print medium is 
advanced into position for the next swath. 
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[0233] A two-pass mode is a print pattern wherein one-half of the dots available In a given row of available dots per 
swath are printed on each pass of the printhead, so two passes are needed to complete the printing for a given row 
Similarly, a four pass mode is a print pattern wherein one forth of the dots for a given row are printed on each pass of 
the printhead, so four passes are needed to complete the printing for a given row. 

[0234] The patter used in printing each nozzle section is known as the "printmode mask" or "printmask" or sometime 
Just "mask". A printmask is a binary pattern that determines exactly which ink drops are printed in a given pass or to 
put the same thing in another way, which passes are used to print a each pixel. The printmask is thus used to "mix up' 
the nozzle used, as between passes, in such a way as to reduce undesirable printing artefacts. 
[0235] EP 863004-A (application no 98301559.5) describes how to work with a plurality of selected print mask in 
order to implement error hiding in multipass print modes and the same technique may be used also in this case 
[0236] In the following will be described how to modify the masks for a given print mode in accordance to the prob- 
ability that certain nozzles may fail to perform error hiding. 

[0237] For the sake of clarity in the following example the following assumption will be done: a) printhead have four 
nozzles only , and 2) a four-pass 25% density interlaced printmode are used c) 4 bit masks are used. 
[0238] Table 11 shows the standard print mask for the used printmode. The columns are the four nozzles of the pen 
and the rows are the four passes of the printmode. In addition, the cells contain a binary number meaning when the 
nozzle will fire for a given pass. The mask chosen are simple: in pass 0 all nozzles fire only every 4th dot in pass 1 
they fire every 3 rd dot, and so on. 
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Table 11 





NO 


N1 


N2 


N3 


Pass 1 


0001 


0001 


0001 


0001 


Pass 2 


0010 


0010 


0010 


0010 


Pass 3 


0100 


0100 


0100 


0100 


Pass 4 


1000 


1000 


1000 


1000 



[0239J At this point the different error hiding alternatives for this print mode shall be considered. Each alternative is 
a group of 4 element and the ith element of the group is the replacement for the ith pass. For instance the group {2, 
4 T 1 , 3) means that the malfunctioning nozzles of pass 1 are to be replaced by nozzles of pass 2, malfunctioning nozzles 
of pass 2 by nozzles of pass 4, malfunctioning nozzles of pass 3 by nozzles of pass 1 and malfunctioning nozzles of 
pass 4 by nozzles of pass 3. 

[0240] Instead of evaluating each possible alternative, the example will consider only two replacement alternatives- 
{2,3,4, 1} and {3,4,1,2} 

[0241] The estimated probabilities (calculated as previously described using b=1 .5 and the result of the most recent 
drop detections) for each nozzle to be found working are: N0=0.4, N 1=0.7, N2= 1, N3=1. 

[0242] The technique weights each of the possible alternatives according the algorithm as will be described in ac- 
cordance with figure 25. This process will try to select the alternative using the number of nozzles (original or replaced) 
having the bigger probably to work, as a whole, trying to exclude nozzles not recovered, intermittent and continuing 
aberrant. 

[0243] The process start at step 2500, which for each of the possible replacement alternatives step 251 0 is repeated. 
[0244] At step 2510, for each nozzle of the pen test 2520, and steps 2530 or 2540 are repeated. Test 2520 verify 
whether the weight of said nozzle is smaller that the weight of the replacement nozzle, i.e. the replacement nozzle 
would more likely work better of the originally designated nozzle, AND if the replacement nozzle is still available, i.e. 
the replacement nozzle is not already in use for firing as an original nozzle. 

[0245] If the result of the test is YES the score is increased of the a value equal to the weight of the replaced nozzle 
and the nozzle is considered replaced; otherwise the score is increased of the a value equal to the weight of the original 
nozzle. When the iteration 2510 ends score will contain a value corresponding to the quality of the first replacement 
alternative, in terms of sum of the probability of working of each nozzle (original or replaced) in this group. 
[0246] Iteration 2510 will now start again to calculate the score of the next replacement alternative, and it will be 
repeated until all the replacement alternatives are evaluated. At step 2550 the process extract the replacement alter- 
native with the best score and ends at step 2560 returning the elected replacement alternative to a know error hiding 
process to perform the error hiding in accordance with the proposed replacement. 
[0247] If this process is applied on the above example option 1 {2.3,4, 1} will score: 
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1+1+0.7+1 =3.7 



while option 2 will score 



1+1+1+1 =4 

[0248] Thus Option 2 will be elected to generate an updated printing masks as follow in table 9: 

Tabie 9 





NO 


N1 


N2 


N3 


Pass 1 


oooo 


0000 


0101 


0101 


Pass 2 


0000 


0000 


1010 


1010 


Pass 3 


0000 


0000 


0101 


0101 


Pass 4 


0000 


0000 


1010 


1010 



20 The result is that the two nozzles NO and N1 having the higher probability of failing has been correctly replaced by the 
ones having higher probability of working. 
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Claims 

1. A method of improving image quality on plots produced by a printhead, having a plurality of nozzles, mounted in 
an Inkjet printing device for printing plots, at least one nozzle having at least a working status and a failing status 
and such printing device being capable of performing a variety of functions to improve image quality, said method 
comprising the steps of: 

a) checking the status of one or more nozzles 

b) storing in a memory support the status of a checked nozzle as detected during said checking step; 

c) based on a plurality of said statuses stored over time in said memory support, performing an appropriate 
function from said variety for improving the image quality. 

The method of claim 1 , wherein a nozzle in the failing status comprise a malfunctioning nozzle or an aberrant nozzle. 

The method of claims 1 or 2, wherein the variety of functions comprises (i) one or more error hiding function for 
replacing nozzles in a failing status with nozzles in a working status while printing plots and (ii) one or more servicing 
functions for recovering a nozzle in failing status back to a working status. 

4. The method of claim 3 where one or more servicing functions are applied in sequence if the nozzle is still in a 
failing status. 

5- The method of claims 3 or 4 where after applying one or more servicing functions, one or more error hiding functions 
are also applied to hide a nozzle still in a failing status. 

6. The method of any preceding claims further comprising the step of identifying the cause of failure of a nozzle in a 
failing status, before the step of performing said appropriate function. 

7. The method of step 6, wherein said step of identifying comprises the step of observing how the status of the nozzle 
is changing over time. 

8. The method of claims 6 or 7 wherein said step of identifying the cause of failure of a nozzle in a failing status is 
based on examining said plurality of statuses individually stored overtime in said memory support. 

9. The method of any preceding claims, wherein each nozzle has at least a working status and a failing status. 
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10. A computer program comprising computer program code means performing the following steps when said program 
is run on an inkjet printing device comprising a printhead, having a plurality of nozzles, and said printing device 
being capable of performing a variety of functions for improving image quality: 

a) enabling the device to check a status of one or more nozzles 

b) storing in a memory support said status of a checked nozzle as detected during said checking step; 

c) based on a plurality of said statuses stored over time in said memory support, enabling the device to perform 
an appropriate function for improving the image quality. 

11. An inkjet printing device for printing plots comprising a printhead, having a plurality of nozzles, a servicing unit 
capable of applying recovery functions to said plurality of nozzles, detection means for checking if a nozzles is in 
a working status or in a failing status, memory means and a plurality of functions executable by said device to 
improve image quality, characterised by the fact that said memory means, responsive to said detection means 
contains data on how the status of a nozzle is varying over time and that said device further comprises means to 
select and execute at least one of said plurality of functions, responsive to the data stored in said memory means. 



Paten tan spriiche 

Ein Verfahren zum Verbessern der Bildqualitat bei Auftragungen, die durch einen Druckkopf erzeugt werden, der 
eine Mehrzahl von Dusen aulweist, der in einer Tintenstrahldmckvorrichtung zum Drucken von Auftragungen be- 
festigt ist, wobei zumindest eine Duse zumindest einen funktionierenden Zustand und einen fehlerbehafteten Zu- 
stand aufweist, und eine derartige Druckvorrichtung in der Lage ist, eine Vielzaht von Funktionen durchzufuhren, 
urn die Bildqualitat zu verbessern, wobei das Verfahren folgende Schritte aufweist: 

a) Prufen des Zustands von ein oder mehr Dusen 

b) Speichern des Zustands einer gepruften Duse, wie derselbe wahrend des Prufschritts erfasst wird, in einem 
Speichertrager; 

30 

c) basierend auf einer Mehrzahl der Zustande, die im Laufe derZeit in dem Speichertrager gespeichert werden, 
Durchfuhren einer geeigneten Funktion aus der Vielzahl zum Verbessern der Bildqualitat 

2. Das Verfahren gemafi Anspruch 1, bei dem eine Duse in dem fehlerbehafteten Zustand eine defekte Duse Oder 
35 eine fehlerhafte Duse aufweist. 



3. Das Verfahren gemafi Anspruch 1 oder 2, bei dem die Vielzahl von Funktionen (i) ein oder mehr Fehlerverber- 
gungsfunktionen zum Ersetzen von Dusen in einem fehlerbehafteten Zustand durch Dusen in einem funktionie- 
renden Zustand, wahrend Auftragungen gedruckt werden, und (ii) ein oder mehr Wartungsfunktionen zum Wie- 

40 derherstellen einer Duse in einem fehlerbehafteten Zustand zuriick zu einem funktionierenden Zustand aufweist. 

4. Das Verfahren gemafi Anspruch 3. bei dem ein oder mehr Wartungsfunktionen in Reihe angewandt werden, wenn 
sich die Duse weiterhin in einem fehlerbehafteten Zustand befindet. 

^5 5. Das Verfahren gem^B Anspruch 3 oder 4, bei dem nach dem Anwenden der ein oder mehr Wartungsfunktionen 
auch ein oder mehr Fehlerverbergungsfunktionen angewendet werden, urn eine Duse, die sich weiterhin in einem 
fehlerbehafteten Zustand befindet, zu verbergen. 

6. Das Verfahren gem§B einem der vorhergehenden Anspruche, das ferner den Schritt eines Identifizierens des 
50 Grundes des Fehlers einer Duse in einem fehlerbehafteten Zustand vor dem Schritt des Durchfuhrens der geeig- 
neten Funktion aufweist. 

7. Das Verfahren gema& Anspruch 6, bei dem der Schritt des Identifizierens den Schritt eines Beobachtens aufweist, 
wie sich der Zustand der Diise im Laufe der Zeit andert. 

55 

8. Das Verfahren gemafc Anspruch 6 oder 7, bei dem der Schritt des Identifizierens des Grundes des Fehlers einer 
Duse in einem fehlerbehafteten Zustand auf einem Untersuchen der Mehrzahl von Zustanden basiert, die im Laufe 
der Zeit einzeln in dem Speichertrager gespeichert werden. 
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9. Das Verfahren gemaB einem der vorhergehenden Anspruche, bei dem jede Duse zumindest einen funktionieren- 
den Zustand und ejnen fehlerbehafteten Zustand aufweist. 

10. Ein Computerprogramm, das eine Computerprogrammcodeeinrichtung aufweist, die die folgenden Schritte durch- 
fuhrt, wenn das Programm an einer Tintenstrahldruckvorrichtung ablauft, die einen Druckkopf aufweist, der eine 
Mehrzahl von Dusen aufweist, und wobei die Druckvorrichtung in der Lage 1st, eine Vielzahl von Funktionen zum 
Verbessern der Bildqualitat durchzufuhren: 

a) Aktivieren der Vorrichtung, um einen Zustand von ein oder mehr Dusen zu prufen 

b) Speichern des Zustands einer gepruften Duse, wie derselbe wahrend des Prufschritts erfasst wird in einem 
Speichertrager; 

c) basierend auf einer Mehrzahl derZustande, die im Laufe derZeit in dem Speichertrager gespei chert werden, 
Aktivieren der Vorrichtung, um eine geeignete Funktion zum Verbessern der Bildqualitat durchzufuhren. 

11. Eine Tintenstrahldruckvorrichtung zum Drucken von Auftragungen, die einen Druckkopf, der eine Mehrzahl von 
Dusen aufweist, eine Wartungseinheit, die in der Lage ist, Wiederherstellungsfunktionen bei der Mehrzahl von 
Dusen anzuwenden, eine Erfassungseinrichtung zum Prufen, ob sich eine Duse in einem funktionierenden Zustand 
oder in einem fehlerbehafteten Zustand befindet, eine Speichereinrichtung und eine Mehrzahl von Funktionen 
aufweist, die durch die Vorrichtung ausfuhrbar sind, um die Bildqualitat zu verbessern, dadurch gekennzelchnet, 
dass die Speichereinrichtung ansprechend auf die Erfassungseinrichtung Daten enthSIt, wie der Zustand einer 
Duse im Laufe der Zeit variiert, und dass die Vorrichtung ferner eine Einrichtung aufweist, um zumindest eine der 
Mehrzahl von Funktionen ansprechend auf die Daten, die in der Speichereinrichtung gespeichert sind, auszuwah- 
len und auszufuhren. 



Revendications 

1 . Precede d'a melioration de la qualite d'image sur des traces produits par une tete d'impression, incluant une pluralite 
de buses, montee dans un dispositif d'impression par jets d'encre pour imprimer des traces, au moins Tune des 
buses ayant au moins un etat de travail ou un etat de defaillance, et un tel dispositif d'impression pouvant exercer 
une variete de fonctions pour ameliorer une qualite d'image, ledit procede comprenant les etapes consistant a: 

a) contr6ler I'etat d'une ou plusieurs buses 

b) stacker dans un support de memoire I'etat d'une buse contrdlee tel qu'il a ete detecte pendant ladite etape 
de controle; et 

c) sur la base d'une pluralite desdits etats stockes dans le temps dans ledit support de memoire, exercer une 
fonction appropriee a partir de ladrte variete de fonctions pour ameliorer la qualite d'image. 

2. Procede selon la revendication 1 , dans lequel une buse dans I'etat defaillant comprend une buse a fbnctionnement 
defectueux ou une buse aberrante, 

3. Procede selon la revendication 1 ou 2, dans lequel la variete de fonctions comprend (i) une ou plusieurs fonctions 
de masquage d'erreur pour remplacer des buses en etat defaillant par des buses en etat de travail au cours de 
rimpression de traces et (ii) une ou plusieurs fonctions d'entretien pour recuperer une buse en etat defaillant a un 
etat de travail. 

4. Procede selon la revendication 3 dans lequel une ou plusieurs fonctions d'entretien sont appliquees en sequence 
si la buse est encore en etat defaillant. 

5. Procede selon la revendication 3 ou 4, dans lequel, apres application d'une ou plusieurs fonctions d'entretien, une 
ou plusieurs fonctions de masquage d'erreurs sont aussi appliquees, afin de masquer une buse encore a I'etat 
defaillant. 

6. Procede selon Tune quelconque des revendications precedentes, qui comprend en outre I'etape consistant a iden- 
tifier la cause de la defaillance d'une buse a fetal defaillant, avant I'etape cTexecution de ladite fonction appropriee. 
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Precede selon la revendication 6, dans lequel ladite etape ^identification comprend une etape cohsistant a ob- 
server comment I'etat de la buse varie au cours du temps. 

Precede selon la revendication 6 ou 7, dans lequel ladite etape d 'identification de la cause de defaillance d'une 
buse a i'etat defalllant est base sur un examen de ladite serie d'etats individueflement stockes dans le temps dans 
ledit support de memoire. 

Precede selon I'une quelconque des revendications precedentes, dans lequel chaque buse comprend au moins 
un etat de travail et un etat de defaillance. 

Programme informatique comprenant un moyen de code de programme informatique executant les etapes sui- 
vantes lorsque ledit programme est mis en oeuvre sur un dispositif depression a jets d'encre comprenant une 
tete depression mcluant une pluralite de buses, et ledit dispositif depression pouvantexercerdiversesfonctions 
pour ameliorer une qualite d'image: 

a) valider le dispositif pour cqntroler un etat d'une ou plusieurs buses 
. b) stacker dans un support de memoire ledit etat d'une buse contrdlee tel qu'il a ete detecte pendant ladite 
etape de controle; et 

c) sur la base d'une pluralite desdits etats stockes dans le temps dans ledit support de memoire, permettre 
20 au dispositif d'exercer une fonction apprapriee pour ameliorer la qualite d'image. 

11. Dispositif depression a jets d'encre pour imprimer des traces, comprenant une tete depression, incluant une 
pluralite de buses, une unite d'entretien susceptible d'appliquer des fonctions de recuperation a ladite pluralite de 
buses, un moyen de detection pour controler si une buse est dans un etat de travail ou dans un etat defaillant, un 
moyen de memoire et une pluralite de fonctions executables par ledit dispositif pour ameliorer une qualite d'image, 
caracterise en ce que ledit moyen de memoire contient, en reponse audit moyen de detection, des donnees 
precisant comment I'etat d'une buse varie dans le temps et en ce que ledit dispositif comprend en outre un moyen 
de selection et d'execufon d'au moins une fonction de ladite pluralite de fonctions, en reponse aux donnees en- 
registrees dans ledit moyen de memoire. 
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